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SUMURT 


Sahject.  Thle  Interim  report  oorors  laborato^  testa  and 
reaeamh  io  dSTelop  a  siqperloa*  fire  extlngnlshlng  ^i^ant^  of  low 
tooclolty,  aaita2)le  for  nse  lay  troqps  in  hand-portable  containers 
leader  all  ollmatlo  oondltloos.  Vork  at  the  Psrdaa  Reoesreh 
Foundation  and  at  the  Fngiseer  Heseareh  and  Serelopnent  Labora¬ 
tories  daring  the  period  1  Janaarj  1^7  throng  1  April  19^0  Is 
reported  herein. 

InTeatlgatlon.  LaboratorF  and  practical  fire  tests  vers 
condaciedl^'  a^  corollary  detazmlnatlons  vare  aode  of  tozloitj^ 
oorroslTe  action,  electrical  eondaotlTltjr,  as  well  as  of  tiie 
effects  of  tenperatare  and  of  aslng  dlffexaat  fnela  and  alxtnres 
of  different  agents  In  Inhibiting  flama  propagation.  In  both 
the  laboratory  and  practical  fire  tests  two  agents,  bronotrlflucro- 
methane  and  dlbroaodlflaaraaethane,  vere  foond  to  be  twice  as 
effectlre  as  carbon  tetrachlorlds,  and  Im  practical  fire  tests  at 
-60  F  bronotrlflnoronethane  vas  foozid  to  be  moat  effeotlTe.  This 
agent  vas  also  found  to  be  of  negligible  oorroelTeness,  and  the 
least  toxic,  in  Its  natural  oheBloal  fom,  of  the  rarlons  fire 
extlngulahl^  agents  tested,  including  carbon  dioxide.  These 
data  vere  correlated  vlth  the  results  of  independent  inyestlga- 
tlons.  Where  possible,  the  relationship  between  fire  extinguish¬ 
ing  effectlTenesa  and  the  physical  and  oheGnloal  characteristics  of 
the  agents  vas  explored. 

ConolualonB .  It  Is  concluded  that: 

a.  Of  all  the  agents  tested,  broniotrlfluoraBethane 
best  salts  the  actual  military  requirements  for  a  fire  extinguish¬ 
ing  agent,  and  Is  superior  to  methyl  bromide  and  carbon  tetrachloride. 

b.  As  a  military  fire  fighting  agent,  dlbronodlfluoro- 
methane  Is  equivalent  to  bromotrlfluoromethane  In  all  respects  ex¬ 
cept  that  of  toxicity. 

Recommendations .  It  is  recommended  that  serrlce  tests  he 
conducted  on  bromotrlfluoromethane  as  a  fire  extlngnlshlng  agent 
for  Class  B  and  C  fires. 
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I.  unsoDiJcnci 

1.  Subject.  This  interim  report  oorers  laboratory  teste  and 
research  to  derelop  a  superior  fire  extinguishing  agent,  of  lev 
toxicity,  suitable  for  use  by  troops  in  hand-portable  containers 
under  all  climatlo  candltlons.  Work  at  the  Purdue  Besearch  founda¬ 
tion  and  at  the  Engineer  Besearch  and  BeTelopnent  Laboratories  dur¬ 
ing  the  period  1  January  19^7  throu^pi  1  April  19^9  is  reported  here¬ 
in. 


2.  Authority.  This  InTestlgatlon  vas  oondacted  under  the 
authority  of  Inject  8-76-0A-003>  fire  Extinguishing  Agent,  Im- 
prored,  Self-Contained.  The  project  card  (BOB  form  lA)  is  oon<r 
talned  in  Appendix  A. 

3<  Personnel  and  Cooperating  Agencies.  The  vork  vas 
carried  on  by  the  follovlng  project  engineers,  under  the  superYislon 
of  K.  L.  Trelber,  Chief,  Petroleum  Distribution  Branch,  and  T.  B. 
Edvards,  Acting  Chief,  fire  Apparatus  Section:  Eugene  Elliot, 

3  March  1947  to  20  March  1948;  Kenneth  C.  Peck,  20  March  1948  to  31 
September  1949;  Jazoes  E.  Malcolm^  23  January  1949  to  date. 

The  tests  vere  accaaqpllshed  by  the  follovlng  personnel  of 
the  fire  Test  Area;  James  N.  Eayden,  Area  Superrlsor;  Albert  N. 
VllliazBS,  Group  Leader;  Edgar  Balms,  and  Carrol  Ifehon,  fire  Test 
Fighters . 

Consultation  on  choalcal  pliases  of  the  project  and 
laboratory  fire  tests  vere  provided  by  the  follovlng  personnel  of 
the  SRDL  Materials  Branch  under  the  superrision  of  Arthur  H.  Van 
Heuckeroth,  Branch  Chief;  Charles  E.  Green,  Chief,  Chemical  Pro¬ 
jects  Section;  Novell  f .  Blackburn,  Chemical  Projects  Engineer;  and 
Charlotte  Boyle,  Materials  Engineer. 

Purdue  Besearch  foundation  personnel  vorking  on  the  pro¬ 
ject  under  contract  Included:  Dr.  Earl  T.  MoBee,  Bead,  Chemistry 
Department;  Dr.  Zara  D.  Welch,  Besearbh  Supervisor;  and  Dr's  T.  B. 
Santelll,  C.  E.  Wheelock,  A.  Truchan,  0.  B.  Pierce,  B.  A.  Sandford, 
and  D.  D.  Miccucci,  research  fellovs. 

Cooperating  agencies  include  the  Equipment  Laboratory, 
Wrlght-Patterson  Air  force  Base,  vhlch  has  contributed  funds  to 
this  project  and  has  participated  in  the  technical  development;  and 
the  Civil  Aeronautics  Authority  Experimental  Station,  Indianapolis, 
Indiana,  vhlch  has  supplied  test  data  for  inclusion  in  this  report. 
The  Medical  Division  of  the  Army  Ohendoal  Center  conducted  the 
toxicological  screening-  Investigation. 
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iPrirate  enterprlees  that  hare  undertaken  independent 
InyestlgatloxiB  and/or  haTe  made  data  aTallahle  to  the  SRDIL  include: 
S.  I.  duPont  de  Hemours,  Wilmington,  Delavare;  Minnesota  Mining  and 
Manufacturing  Con^any,  St.  Paul,  Minnesota;  Fennsylyanla  Salt  Manu- 
factiirlng  Company,  Philadelphia,  Pennsylranla;  and  General  Chemiced 
ClYlsion,  Allied  Chemical  and  Dye  Corporation,  Hev  York  City;  Dov 
Chemical  Company,  Midland,  Michigan. 

Liaison  has  heen  maintained  vith  the  Nayal  Besearch 
Laboratory  and  the  Rational  Adylsory  Committee  on  Aeronautics, 
Washington,  D.  C.,  both  of  which  haye  Interest  in  a  more  effectlye 
and  less  toxic  fire  extinguishing  agent. 

k.  Terminology.  A  terminology  including  the  IMderwrlters  • 
Laboratory  fire  classification,  terms  derlyed  in  the  laboratory 
studies,  and  chemical  nomenclature,  is  presented  below: 

Class  A  Fires.  Incidences  where  the  primary  combustible 
material  is  of  a  solid  nature.  In  most  instances  the  material  is 
celluloslc,  i.e.,  wood,  cotton,  excelsior. 

Class  B  Fires.  Incidences  where  the  primary  combustible 
material  la  a  liquid  (almost  always  a  hydrocarbon);  however,  this 
class  covers  solvent  and  liquid  fuel  fires  in  general. 

Class  C  Fires.  Incidences  where  electriced  equipment  or 
lines  are  involved  in  the  fire;  consequently,  an  electrically  non- 
conductive  type  of  extinguishing  agent  must  be  used  to  avoid  danger 
to  personnel. 

Flame  Inhibition.  The  forbiddance.  Interdiction,  or  pre¬ 
vention  of  the  development  of  a  flame. 

Flame  Extinction.  The  quenching  or  destruction  of  a 
propagating  flame. 

Agent.  A  fire  extinguishing  confound. 

Flammability  Peak.  The  minimum  agent  concentration,  in 
percentage  by  volume,  which  will  inhibit  flame  propagation  in  all 
possible  concentrations  of  fuel  in  a  fuel- air- agent  mixture. 

Fuel  Ordinate.  The  fuel  concentration,  in  percentage  by 
volume,  corresponding  to  the  flaaimability  peak. 

Halocarbon.  A  compound  containing  atoms  of  carbon  and 
one  or  more  of  the  chemical  elements  fluorine,  chlorine,  bromine, 
and  iodine.  Usually,  there  are  several  ways  of  identifying  any  one 
organic  (carbon)  compound.  Here,  the  most  common  or  convenient 
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ohaaloal  neon  la  vaad  for  the  ladiTldaal  ohemlcal  ccaqranad,  ratliair 
than  an  arhltrarllj^  aeleoted  ajaten  that  nl£^t  prodaoe  for  faBlUar 
ocKpounda  naoaa  nnfaalllar  to  thoae  not  vorlclne  in  the  field  of 
organic  oheadatrj.  ?ar  the  halooarhons,  a  noBanolatare  has  been 
derlaed  that  satlafaotorlJjr  Identifies  the  aliqpleat  ecaqpoands  and 
can  be  arbitrarily  axtexided  to  Inolnde  the  more  easier  oaqpoanda. 
The  system  of  halooarbon  nonenelatgre^  or  halon  nnhers^  used  In 
this  report  la  explained  In  detail  In  Appeadlx  B. 

MeohanlsM  of  CoMhustloai  aM  fire  gxtlngulshaent.  The 
aeohanlsm  of  oaohustion  In  Class  B  fires  InTolTeis  oxidation  re- 
aatlons  In  the  Tapor  phase  at  eleyated  teag^atures .  Before  a 
liquid  can  bum^  it  most  be  oonyertad  to  a  gas  or  yeq>or.  SasUy 
combustible  liquids  yaporlze  sufficiently  at  nomal  ta^ezatures  to 
provide  a  Tapor  film  of  conhustible  canoentratlon  at  the  liquid  sur¬ 
face.  Heavy  oils  can  be  Ignited  only  after  the  heat  has  vaporized 
enough  of  the  oil  to  Initiate  oontbustlon. 

The  mechanism  of  cambustlon  In  Class  A  fires  Is  In  part 
similar  to  that  of  Class  B  fires,  A  solid  (wood,  for  example)  mny 
partially ‘djecoDq)oee  under  applied  heat,  and  the  gases  produced  on 
deconqtosltlon  may  then  undergo  combustion.  In  a  wood  fire,  the 
solid  residue  after  thermal  decomposition  (charcoal)  may  uixdergo 
direct  combustion,  a  fact  demonstrated  by  the  presence  of  embers 
in  Class  A  fires. 

Class  C  fires  may  be  combinations  of  Class  A  and  B  fires, 
so  that  the  same  generalizations  may  be  made  concemlng  this  type. 

A  Class  C  fire  is  considered  apart  from  the  first  two  classes, 
since  the  presence  of  an  electrical  potential  requires  an  electrio- 
ally  non- conductive  extlngoshing  agent. 

Classically,  a  fire  Buay  be  eztingalshed  in  one  of  three 
ways;  hy  exclusion  of  oxygen,  by  removal  of  the  combustible,  or  by 
removal  of  heat.  In  the  past,  the  action  of  such  agents  as  carbon 
dioxide  or  methyle  bromide  has  been  considered  to  be  a  result  of 
excluding  oxygen  from  the  huming  material.  But,  If  exclusion  of 
oxygen  were  the  sole  mechanism  of  fire  extinguishment,  one  inert 
gas  would  show  little  advantage  over  an  equal  volume  of  another  gas 
in  putting  out  a  fire.  Thus,  some  other  factor  must  be  present  In 
the  fire  extinguishing  action  of  such  agents  as  carbon  dioxide  and 
methyl  bromide,  and  this  factor  must  logically  Involve  the  removal 
of  heat  or  energy  from  the  reacting  gases,  lie  quantitative  effect 
of  this  latter  factor  determines  the  effectiveness  of  a  chemical 
agent.  (For  a  brief  theoretical  disousslon  of  flame  extlngulshmenl^ 
see  Appendix  C.) 
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II.  iraEFIOATKV 

Oqneral.  The  criteria  used  to  the  avltahlllty  of 

a  fire  extingalshlng  agent  for  a  hand  unit  are  derlred 

priaolpaUj'  froa  the  military  oharaoterlstloa  (see  Appendix  A). 

'Qxey  Inolnde  fire  extinguishing  effeotlrenees^  oorroslTeness^ 
toxlolty^  eleotrloal  oondnotlTlty,  Tolatlllty,  freeze  point,  cost, 
azid  oanKTolal  arallahUlty. 

la  the  small  portahla  mlta  It  la  desired  to  hare  Taporle* 
Ing  liquids  (from  the  dbandpolnt  of  miTiimw  damage  to  equipment)  slnoe 
after  extinguishment,  the  xaporlzlng  liquid  leares  no  residue.  Seri¬ 
ously,  agents  othervlse  suitable  for  use  In  small,  hand-portable  units 
hare  not  been  entirely  satisfactory  at  low  tsKperatarea,  cuod.  In  addi¬ 
tion,  hare  displayed  rarylng  degrees  of  toxicity.  These  agents  and 
their  oharaoterlstloa  are  suBBurlzed  In  Table  I.  Slnoe  It  had  been 
noted  that  among  the  rarlous  fire  extinguishing  agents,  the  haloear- 
bons  and  halohydrooarbons  possessed  the  desired  qualities  of 
rolatlllty  and  rapcrlzatlon  without  'Uie  deposition  of  a  residue, 
these  and  similar  halogen  oontpounds  were  selected  for  study  and  re¬ 
search.  Also,  since  the  principal  aim  of  this  inrestlgatlon  was  to 
produce  an  agent  lees  toxlo  and  corroslre  than  carbon  tetrachloride 
and  more  effeotlre  than  methyl  bromide,  and  because  of  the  Inherent 
inertness,  low  toxicity,  and  stability  of  certain  fluorocarbons^  It 
was  desired  to  Include  oaaQ>ouads  of  this  type  In  the  research  and 
study.  Bowerer,  It  was  noted  that  the  synthesis  of  fluorine  com¬ 
pounds  required  special  techniques  and  "know  how"  not  present  In 
other  halogen  work.  A  surrey  of  the  field  of  fluorine  ohemletry  re¬ 
vealed  that  the  Purdue  Pesearoh  foundation  was  qualified  to  under¬ 
take  this  research.  (The  foundation  hgd  became  prcminent  In  this 
field  as  a  result  of  Its  work  for  the  Manhattan  District.) 

following  negotiations  and  contacts  with  other  quali¬ 
fied  organizations,  contract  W-44-CX)9  eng-507  was  Initiated  with  the 
foundation  In  June  1947*  This  work  Is  being  oonduoted  according  to 
the  program  indicated  below. 

a.  Laboratory  tests  of  fire  extinguishing  effectiveness. 
Including  studies  of  such  variables  as  type  of  fuels  used,  and  studies 
of  critical  data  (boiling  and  freezing  point). 

b.  Laboratory  investigations  and  study  of  other  physical 
and  chemical  properties  such  as  toxicity,  corrosiveness,  electrical 
conductivity^  deteminatlon  of  thermal  decomposition  products. 

0.  Engineering  tests  of  fire  extinguishing  effectiveness 
at  normal  and  at  reduced  temperatures. 

TI  When  two  or  more  fluorine  atoms  are  attached  to  a  carbon  atom 
in  a  campound  the  result  Is  distinct  inertness. 


Kbla  I.  f  Ixw  lxt1»gMlnh1ng  AgtaAm  1a  IfeM 
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(OlMB  of  Vir«) 

Aaant  A  B  LlmltattlocBB  and  IfaMgrlg 

Vatair  X  Xroessa  at  3^  Fj  eeawee  ecm 


CliaKlaal  fon  X  X 


fik>da-aolA  (aaaaatlal-  X 
If  aalf-pmpaUlng 
vateor  type) 

Itcf  powder  types  X 


arton  tetraehlorlde  X 

haloa  lOiii-) 


CUorotrcnaHetliane  X 


Carton  dioxide  X 


Methyl  hroalde  X  X 

(halon  1001) 

Ta)  Report  1145>  ibry  Poiriller 

19^9. 


dmgn  lA  vae. 

lot  adeptahle  far  use  at  Icnr 
taoapeiratKraa .  Che  oocaaloos 
eooBlderahle  lABagyealencw^ 
and  my  CMone  deauga, 

FreeKeH  at  hatveeA  23  and  30  Fj 
has  oorroelTs  aotlcmi  oaasee 
aoAB  daaage  in  vae^ 

X  Mllltai7  applloation  of  drj 

powder  type  lAvestlgated  at  BOSLi 
dry  powder  f  onnd  to  leare  a  oop- 
loaa  resldne  which  can  injure 
fine  machinery,  (a) 

X  Freezes  at  7*6  F,  and  mnst  he 
winterized;  othexvlse  only  a 
moderately  effeotlre  Sdjmt. 
Presaots  torio  hazards 
(eapeolally  daogerows  when  fire 
is  In  ecoacflnsd,  viTantilated 
location),  hvt  Is  not  as  tcxlc 
as  methyl  hrcmilds,  and  has 
negllglhle  corroelTe  action 
lAen  inhibited  with  CS2. 

X  Bolling  point  I36  Fj  presents 
tcocic  hazards  (eapeolally  when 
fire  Is  In  confined,  unrantl- 
lated  location,  hat  Is  not  as 
toxic  as  methyl  hramidej  other<^ 
wise,  an  effeotlre  agent. 

X  Solidifies  on  attempted  dis¬ 
charge  at  -63  F.  May  be  winter¬ 
ized  by  addition  of  H2J  howerer, 
eren  when  winterized,  eztingnish- 
ers  are  sot  entirely  reliable. 
Concentrations  shore  10^  hare 
phyBlologlea:|.  effects  leading  to 
wnconBoloaBndas . 

Presents  aerloos  toxic  hazards 
otherwise,  an  effeotlre  agent. 


^ire  Xztlngalaheis,  ^3  Septeoiber 
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d.  flxml  oontaljiar  daelga. 

o.  SeTolqpaumt  of  aosroea  of  aiqpplj  for  agent  and  con- 

talnara. 

f.  Searrloe  taatlng. 

Thla  report  oorers  teolmloal  phaaea  a,  and  o  to  1  April 
19^0,  and  the  aatarlal  is  preaentad  here  in  the  ease  general  order. 

Sonroea  of  aiq>pl7  hare  been  dereloped  where  poaalhle,  and 
oontlnned  llaiaon  haa  been  nalntalned  with  Intereatad  Banafaetiirlng 
conoema. 


Nooh  of  the  work  oondnoted  at  Pardne  coneemad  original 
sjathesea  of  aoaie  of  the  ocaipoiunde  eralnated.  That  work  la  not 
oorered  in  thla  report^  but  will  be  presented  in  the  ohemioal 
llteratuz^  by  the  personnel  responsible  for  the  syntheses. 

7.  Laboratory  Inreatlgatlon  of  Plane  BctingoishBent.  It  be¬ 
came  erident  shortly  after  the  initiation  of  studies  at  the  Fnrdns 
Besearoh  foundation  that  the  laboratory  inrestigatlon  of  flame 
extinguishment  should  be  resolred  into  an  Inrestigatlon  of  the  flame 
inhibition  of  rariona  agents  on  a  hydrocarbon  vapor,  and  corollary 
inrestigations  of  the  effects  of  different  oambustiblea,  binary 
mixtures  of  agents,  temperature,  and  pressure.  To  facilitate  in¬ 
terpretation  of  the  flame  Inhibition  data  obtained  at  Purdue,  a 
test  was  developed  in  the  SRSL  Materials  Laboratory  to  determine 
the  effect  of  selected  agents  on  hiiia31  laboratocry  fires  InTOlvlng 
a  hydrocarbon,  nonnal  heptane.  Those  laboratory  investigations 
are  presented  in  greater  detail  in  the  following  siAparagraphs . 

a.  flame  Inhibition  Testa  Condncted  by  the  Perdue  Re¬ 
search  foundation^  An  extensive  literature  search  revealed  thait 
previous  testing  of  c<mpounda  used  as  fire  extinguishing  agents 
had  been  conducted  on  an  enplrical  basis  under  such  varying  con¬ 
ditions  that  the  results  from  the  different  types  of  tests  could 
not  be  compared. 

The  PBf  concluded  that  a  test  procedure  should  be 
used  that  would  render  reproducible  results,  be  applicable  to  a 
number  of  different  compounds,  require  only  a  small  amount  of 
conpound  to  be  evaluated,  and  be  conveniently  operated.  Con¬ 
sequently,  they  adopted  a  procedure  used  by  the  Bureau  of  Mines 
to  Investigate  flammable  limits  of  various  fuels  and  the  effect 
of  certain  inert  gases  on  these  limits. 

The  method  evaluates  the  flame  inhibition  proper¬ 
ties  of  inert  gases  or  vapor  on  mixtures  of  a  oonibustlble  vapor 
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and  air,  and  oonslats  of  deterainlng  vhether  or  not  a  siTen  mixture 
of  the  three  oatBponenta  can  he  Ignited  hj  a  apark  gap.”  For  a  glren 
agent  ^  umOiar  of  determlnatlona  are  made  vlth  rarjlng  alxtnrea,  and 
the  Inatanoes  of  flame  propagation  or  nonparapagatlan  and  the  con- 
oentratloas  of  the  ooB^onenta  are  recorded.  (The  apparatoa  and 
procednrea  with  vhlch  thla  vaa  done  are  deaorlhed  In  Appendix  D, 
Sthlhlt  1.) 


The  data  obtained  In  these  teats  vere  expressed 
graphical  Ijr,  the  yolume  p^oentage  of  the  agent  helng  plotted  against 
that  of  the  combustlhle  rapor.  Different  symbols  vere  used  to  zMipre- 
sent  points  corresponding  to  propagation  and  nonpropagatlon  of  flame 
respectlrely^,  so  that  the  boundary  between  these  two  areas  could  be 
determined  and  drawn  as  a  ourre.  Thus,  any  point  vlthln  the  flammable 
area  defined  by  the  curre  represents  a  concentration  of  combustible 
and  agent  vapor  that  vlU  propagate  flame. 

A  saa^le  data  sheet  shoving  the  evaluation  of  methyl 
brooLlde  (halon  1001)  Is  presented  In  Table  II.  FTcm  similar  data 
sheets  the  flammability  curres  of  all  the  confounds  vere  plotted, 
and  the  coordinates  of  their  flammability  peaks  vere  obtained.  Dur> 
Ing  the  later  part  of  the  Investigation  flammability  determinations 
vere  made  only  In  the  region  of  the  peaks  to  eliminate  some  of  the 
numerous  trials  necessary  to  completely  define  the  entire  curve. 

It  Is  seen  In  Fig.  1  that  a  peak  In  the  flammability 
area  occurs  at  1.4  percent  n-heptane  and  9«7  percent  methyl  bromide 
in  the  air  -  n-heptane  -  methyl  bromide  mixture.  This  peak  Is  the 
minimum  concentration  of  agent  In  the  combustible  mixture  that  vlll 
Inhibit  flame  propagation  for  any  concentration  of  the  cambustible 


2.  In  the  experimental  determination  of  the  flammability  peaks 

the  spark  gap  vas  located  at  the  bottom  of  the  combustion  tube 
so  that  vhen  a  flame  vas  jiropagated  It  traveled  In  an  upvard 
direction.  A  discussion  of  the  effect  of  direction  of  the 
flame  propagation  on  flammable  limits  has  been  presented  by 
Coward  and  Jones  (H.  F.  Coward  and  G.  W.  Jones,  Limits  of 
Inflammability  of  Gases  and  Yapors,  U.  S,  Department  of  the 
Interior,  Bureau  of  tilnes.  Bulletin  279#  Washington,  U,  S. 
Government  Printing  Office,  1959#  P*2).  It  has  been  noted 
by  Independent  investigators  that  downward  propagation  Is 
less  apt  to  occur  in  mixtures  near  the  limits  of  flammabil¬ 
ity,  and  that  results  are  somewhat  more  reproducible.  With 
upward  flame  propagation  the  traverse  of  the  flame  Is  aided 
by  convectlonal  currents  above  the  flame  front,  so  that  a 
greater  amount  of  Inhibitor  will  be  needed  to  Insure  non- 
combustion  In  all  concentrations  of  combustible  and  air. 

Thus,  as  far  as  the  Individual  agent  la  concerned,  upward 
propagation  affords  a  more  rigorous  test. 
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Tal)le  II.  FlasiDnable  Llttlta  fbr  Mixtures  of  I*leptaae, 
Air,  and  Methyl  Bromide  (laloa  1001) 


1 . ’n"'rT  mcji 

Tolume  ^ 

Result 

GH^ 

Total 

’^*^7®16 

6.0 

20.0 

498 

1.2 

4.0 

mt 

7.0 

20.0 

508 

1.4 

3.9 

6.0 

40.0 

500 

1.2 

8.0 

- 

7.0 

40.0 

500 

1.4 

8.0 

10.0 

43.0 

500 

2.0 

8.6 

10.0 

44.0 

501 

2.0 

8.8 

- 

15.0 

27.0 

500 

3.0 

5*4 

15.0 

30.0 

499 

3.0 

6.0 

- 

17.0 

25.0 

500 

3.4 

5.0 

16.0 

25w0 

504 

3.2 

5.0 

13.0 

35.0 

498 

2.6 

7.0 

- 

12.0 

35.0 

500 

2.4 

7.0 

11.0 

4o.o 

501 

2.2 

8,0 

- 

10.0 

4o.o 

501 

2.0 

8.0 

8.0 

46.0 

501 

1.6 

9.2 

4- 

8.0 

47.0 

499 

1.6 

9.4 

m 

7.0 

48.0 

501 

1.4 

9.6 

4  , 

7.0 

49.0 

500 

1.4 

9.8 

- 

25.0 

9.0 

503 

5.0 

1.8 

26.0 

9.0 

503 

5.2 

1.8 

(a)  t  Ixidloates  that  the  mixture  humed. 

-  Indicates  that  the  mixture  did  not  hum. 


material^  and  Is  consequently  taken  as  a  criterion  of  the  effect¬ 
iveness  of  the  inert  vapor  in  Inhlhitlng  flame  propa^tion.  The 
flammahillty  peak  criteria  may  he  oom^ared  to  determine  the  rela¬ 
tive  values  of  various  agents  on  the  volume  hasis.  Tor  example, 
mythyl  hromlde  (halon  1001)  vlth  a  flammahllity  peak  at  9*7  pox'- 
cent  in  n-heptane  and  air  la  superior, -  volume  for  volume,  to  car hen 
dioxide  vlth  a  flammahllity  pecOc  at  29*^  percent  luider  the  same 
condition;  that  is,  the  volume  of  methyl  hromlde  vapor  required  to 
inhibit  flame  propagation  in  a  given  volume  of  oomhustlhle  gas  mix¬ 
ture  would  he  one -third  that  required  if  oarhon  dioxide  were  used. 

Table  III  summarizes  the  msults  of  the  flame  In¬ 
hibition  studies,  axid  presents  the  melting  and  boiling  points  of 
the  various  compounds,  where  available.  In  the  table,  the  oonqK>unds 
are  arranged  in  the  descending  order  of  effectiveness  on  a  vapor- 
volume  basis,  and  the  coordinates  of  the  flammability  peaks  (oonoea- 
trations  in  volume  percentage  for  both  fuel  and  agent)  are  presented. 


f  mixtur 


10 


The  laibccratoary  flaae  extinotlon  and  Inhlhltlon  data 
vere  collected  on  a  Tapor  Tolnne  hasls  hecaoae  It  vae  the  aoet  ooa- 
Tenlent  aethod.  Eoverez*^  to  provide  a  neana  of  eralnatlng  the 
agents  on  a  practical  hasls^  it  vaa  necesaary  to  express  their  fire 
extlngolshnant  effectlTeness  In  tazva  of  a  percentage  based  on  the 
velght  of  the  agent  need  (see  colson  Table  III).  For  this  psr* 
pose  the  foUoring  fonnula  was  used  (nethyl  brcBd.de  la  taken  as  the 
criterion^  since  one  goal  of  the  jirojMt  vaa  to  derelop  an  agent 
snperlor  to  it  in  effectlTeneas): 

E  3  IqJSj-Cioo) 

VaMa 

Where  S  ■  Percentage  vei£^t  effeotiTenesa  (stethyl  bronide  be¬ 
ing  100^6) 

•  Tq  ■  Tolune  percent  of  methyl  bromide  at  its  flansabll- 

Ity  peak  vlth  n-heptane  as  the  fuel 

s  Tolume  percent  of  agent  at  its  flaBmablllty  peak 
vlth  n-heptane  as  the  fnel 

Mq  s  Fonsnla  velf^tt  of  methyl  bromide 

Ma  a  Formula  vel^t  of  agent 

b.  Flame  SLtlngalahmant  testa  Condncted  at  SRDL  Materials 
Branch.  Over  66  different  coDipounds  vere  eVeLluated  by  the  flame  in-" 
hlbltlon  method  at  PRF.  It  vaa  realized^  hoveyer^  that  the  flame 
Inhibition  method  of  screening  ccapounds  vlth  respect  to  fire  extin¬ 
guishing  effectlyeness  vaa  open  to  some  guestlon^  i.e.^  from  the 
flame  Inhibition  tests  at  agent  concentrations  vhere  no  flame  vas 
propagated^  It  could  not  be  safely  assumed  that  the  given  agent 
concentrations  could  extinguish  a  flame  vhlch  had  been  initiated  be¬ 
fore  application  of  the  agent.  To  remove  any  doubt  oonoamlng  the 
Interpretation  of  the  data^  a  series  of  tests  vere  made  hy  the  SRDL 
Materials  Branch  In  vhlch  inert  vapoirs  (various  halogen  conpounda 
and  carhon  dioxide)  vere  applied  to  small  n-heptane  fires  under 
closely  controlled  conditions.  These  tests  vere  not  designed  to 
check  the  flammability  peak  data  of  individual  camponnda  tested  at 
Purelaie^  but  to  determine  If  the  relative  effectiveness  of  various 
agents  as  indicated  by  the  flame  Inhibition  method  vas  valid  for 
the  agents  vhen  applied  to  the  n-heptane  pot  fires  in  the  laboratory 
(The  apparatus  and  procedure  for  these  testa  are  presented  In  Appen¬ 
dix  D,  BcMbit  2. ) 

Tahil.e  I?  presents  the  summarized  results  of  the 
lahoratory  fire  tests.  The  values  presented  In  the  "nmo"  column  re¬ 
present  the  average  of  several  determinations  at  the  f lov  rate 
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indloatad.  A  nodArate  Tarlatloa  In  th«  flov  rate  did  not  appear  to 
oanae  an  equlTalent  ohange  in  the  Toltme  of  agent  naoeaaary  to  ez- 
tlngiilah  the  laharatory  flrea. 

0.  study  of  Binary  Mlxtarea  at  HJ.  Althouf^  the  goal 
of  this  project  aaa  to  develop^  if  poealUe^^a  alngle  agent  that 
vonlA  Beet  all  the  allltary  reqalraBanta^  the  HV  noted  that  there 
vaa  a  poaalhlllty  that  a  mlxtore  of  tvo  or  acre  jaganta  voald  Beet 
the  reqalreaunta.  for  thla  reaaon^  a  Halted,  atndy  vaa  oandiioted* 
to  detemlne  fire  aztlngalahlng  eff^t  of  alztorea  of  two  agenta. 
Thia  ifaa  done  hy  detarBlnlng  the  flOBahlllty  peaka  of  n-haptane  In 
the  praaenoe  of  e^pil-Tolnaa  alztarea  of  farlana  halogen  coaq^oonda^ 
and.  alBo  by  rarylng  the  proportlona  of  two  agwita  at  a  fixed  oob> 
oentratlon  of  the  ooPDdmatlhle.  A  notation  ima  of  thoae  aaa- 
hlnatlona  and  aanoentratloma  of  aeleoted  agenta  in  binary  mlxtarea 
that  dlaplayed  aynerglatlc.  aaynerglatlo.  or  antlen^glatlo  effeota, 
that  la^  vhether  or  not  a  blziary  mlxtore  vaa  acre  elTwtlTe,  aa 
effeet.tTe.  or  leaa  effeotlTe  than  the  Bolar  arerage  effeotlTaneea 
of  the  ooBo>onenta. 

Table  17.  Sannary  of  Bata  for  Coa^oonda  fraloated 
in  Lahoratoxy  fire  Teata  at  the  SDL 


Weli^t 


CoBipoiind 

Cbemioal 

fanaala 

Halon 

lo. 

flov 

Bate 

(l/Bln.) 

Kztlngoiah- 
mant  Time 
(aee.) 

ToloBe 

Required 

(lltera) 

Iffeot- 

iTaneaa 

ii) 

Methyl 

C^Br 

1001 

4.4 

6.3 

0.46 

100» 

bromide 

5.8. 

5.4 

0.52 

Diohlorodl* 

GClgfg 

122 

5.2 

13.8 

1.2 

29* 

flmoro- 

6.5 

12.0 

1.3 

methane 

BroBKidl- 

ciBrfo 

1201 

5.8 

6.6 

0.4l 

85* 

flaaroBethane 

5.0 

5.1 

0.43 

BroBwtrl- 

CBrf, 

1301 

3.5 

5.8 

0.22 

130* 

flmoronathane 

4.7 

3.4 

0.26 

Soiforhaaca- 

®6 

•  e 

5.7 

21.3 

2.0 

16 

flmoride 

Carbon 

COg 

e  e 

12.2 

11.6 

2.4 

44a 

dioxide 

12.8 

11.8 

2.5 

• 

Carbontetra- 

cfj. 

14 

9.1 

15.7 

2.3 

23 

fluoride 

Chlorotrl-  CClfj  131  5.6 

flnoroBiethane 

(a)  ATarage  of  two  dataznlnatlooaa . 
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Tsible  T  preaatnts  f1  ww'hlll  V  peaka  for  efalToCLne 
1)108X7  BlxtHToa  of  dll>roMMejthane  and  aelaotad  a^anta^  tha  flaa- 
Ba1>llltj  peak  of  the  fonaer  l)ain^  3*2  peroaat.  The  oaleiilatad 
flaanbilltj  peak  of  the  alxtara  la  an  afaaraea  of  the  ohaarrad 
flaaBahllitj  peaks  of  the  reapaotlTe  amenta.  * 

Table  T1  preaenta  the  effeota  of  Tarloau  hlnax7  hIx- 
tnrea  of  agenta  In  spppreaalng  the  flaaBahUltj  of  fixed  oonoentraF* 
tlona  of  n-pentane  faal  (2.3,  k.O  and  6.0  psfroaat  hj  Toloae).  In 
obtaining  the  data,  the  proportlan  of  the  agents  In  the  binary  alx- 
tnre  were  Taried  for  a  glren  foal  eonoentratlan.  The  peroentages 
of  agents  In  the  binary  alxtorea  are  on  a  Tolnae  basis. 


Table  T.  Xffeot  of  IfnlTOliSBa  Jtlxtara  of  Olbrcauasthane 
wn^  Selected  Agents  on  the  Flaanablllty  of  Air 
and  H-heptane 


Selected 

Agent 

Chemical 

Formula 

Ho. 

Concentration  at 
FlamnablUly  Peaks 
_ »  H7  TolJ _ 

Xffect 

Agent 

Obs. 

§|J 

: 

II 

Trlbromo- 

fluoro- 

methane 

CEBr^ 

1103 

4.3 

5.3 

4.8 

Antlenerglstlc 

Perfluoro- 

ethylcylo- 

hexane 

®6*'11®2S'3 

HP(S) 

6.8 

5.4 

6.0 

Synergistic 

Sthyl  brcBilde 

2001 

6.2 

5.7 

5.7 

Asynerglstlc 

Carbon  tetra¬ 
chloride 

CC14 

104 

11.5 

7.2 

8.4 

Synergistic 

Chloroform 

CHCl^ 

103 

17.5 

9.5 

11,4 

Synergistic 

d.  Study  of  the  Effects  of  Tarious  Ccmbnstlbles  at  ERF. 
In  the  teats  of'  f^ane  Inhibition,  n- heptane  was  selected  as  the  coan- 
buatlble,  since  It  Is  a  typical  straight  chain  hydrocarbon  and 
possesses  sufficient  Tolatlllty.  To  denoostrate,  frcm  the  stand¬ 
point  of  oosOnistlble  material,  the  significance  of  the  teats  vlth 
n-heptane,  a  study  was  made  to  determine  If  the  relative  effective¬ 
ness  of  an  agent  varied  appreciably  when  applied  to  different  cont- 
bustibleB.  The  study  was  carried  out  by  determining  the  flammabil¬ 
ity  peaks  of  various  agents  In  the  oasbustlble  vapors  of  acetone. 


TalDla  YI.  Bffitot  of  Binary  Mlxturaa  of  Halogen  Coe^oands  on 
the  Hamahillty  of  Air  and  I-pentaae,  at  Selected 
V-pentane  Conoentratlona 


Ammxm  in 
Binanr  Nlxtorn 


•t  TiWllwtnd  OoBoantrntlOBi  of  A^iBt 
la  tiM  atuBT  mstov* 


Itotliyl  tooaidis  nad 
sulfur  hetxafluoorlAs 


Nstlijrl  broaldn  and. 
parfluorolnitaiM 


Nstliyl  UreBldn  and 
stliyl  toeaida 


Mathjrl  lodlda  and 
sthyl  tizwida 


Slohlorcasthans  and 
etlijl  Urtnlde 


Clilarotrlflaorcato  thane 
and  athjl  hrooide 


CartKA  tetrachloride 
and  trlohloroethT'lane 


At  ooaaaatratlfln  of  CVg  ahore 

aurnaorclitlej  at  othar  ooneantratiani, 
aBtlananrglatlo 

nttlx*  ransa  araarglatlo 


nitUra 


Sitlra 


Satire 


aynarglatle 

antlaaMorglatio 

ajnarglatlo 


Sitlre  ranae  aTnarglatlo 
Satire  ranga  antlaoiarglatlo 


At  oeneontrationa  of  C. 
efnarglatloj  at  other  I 
aatlanarglatle 


above  65^ 
iteatlona. 


Satire  ranaa  oaTnarglatlc 

Satire  range  aTnarglatlo 

Satire  range  aTnarglstio 

Satire  range  aTnargiatlo 

Sitlre  range  ejnergletlo 

At  oonoentratlona  of  CC17^  above 
MfamrgiMtXo;  at  other  eonoentrationa, 
ontianarglatlo 

At  conoentratlona  of  CClFz  above  kC^, 
OTnergiatlo;  at  other  oonoentratiana, 
antlenerglatlo 

At  ocnoentratlona  of  CC17^  above  7^%, 
aarnargiatlc;  at  other  oonoentratlona, 
antlenerglatlo 

At  ocnoentratlona  of  CClj^  froa  0  to 

antlenerglatlo;  above  36)(, 
OTnerglatlo 

At  oonoentratlona  of  CClj^  fron  0  to 

36)1  BTnerglatlo;  fron  36$  to  70ft, 
antlenarglatio 

At  eoncantratlona  of  OCIl  tm  0  to 
36^,  aTnergxatio;  froa  yS/fi  to  70ft, 
antlenerglatlo 


1)eiu«ne^  dletlijl  othear^  ethyl  aeetate^  ethyl  aloohol,  aoiid  imapm^ 
tazie. 


The  fleoBahlllty  peaks  of  selected  agents  in  Tarl- 
osa  ooaihnBtlhle  solTenta  ere  ahosn  In-Tshle  TU^  expressed  as 
Tolna  percent  of  the  inhlhltlng  agents  at  the  nazlna  of  the  flan- 
■ahiUV  ourraa. 

• 

e.  of  the  Iffwt  Teapyatere  aad  RpySniw  at 

Hg«  The  hnlk  of  the'  Anne  InhihlilW  taaia  vere  cazTie^  oni  ai 
roam,  tca^eratnre;  howaTerj  since  an  agent  nas  desired  nhich  noald  he 
effeotiTe  orer  a  vide  teanparatsre  range^  a  series  of  tests  vere  nade 
to  deternine  the  flasBahility  peak  at  -78  27  Cj  aad  iV^  C  (-106  7^ 

61  F,  and  293  F  reapeotlTaiy)  so  that  any  tcDsperatnre  effect  nij^t 
he  noted.  The  prooederes  and  apparatos  esplcyed  are  described  in 
Appendix  Hf  Exhibit  3*  These  teatperatmrea  vere  selected  for  expari- 
nental  oanvenienoe^  and  isobntane  vas  selected  as  the  ccidivstlble^ 
since  it  possessed  better  volatilily  at  rednced  tesQeratores  than 
n- heptane.  The  coordinates  of  the  flaasuhlllty  peaks  are  preseated 
In  Table  YUI^  and  the  curres  in  Appendix  Exhibit  4. 

Zhs  flammable  areas  at  -78  C  vere  quite  Irregolar. 
Chlarotrlflnorcaiisthana  (halon  13I)  shovi^  dlTlded  areas,  and  the 
other  coivaands  shaved  sharp  indentations  in  the  flansanle  areas 
(see  Appendix  J>,  Exhibit  4).  The  data  oonoemlng  pressure  are  at 
present  Inoonqplete. 

Originally  a  copper  caDabnstlon  tube  had  been  cosk 
stmcted  for  the  PRF  stodles  at  rednced  tea^aratarea .  A  port  was 
oonstmcted  at  the  top  of  the  tabe  so  that  the  flame  voold  not  be 
Tlslble  unless  .it  traveled  the  vay  xcp  the  tabe^  the  apparatos 
being  othezvlse  similar  in  ^M^g"  and  dimensions  to  the  glass  set- 
op.  used  for  flflnBsabllity  determinations  at  normal  tefiD^eratare. 

When  mixtores  of  n-heiptane  and  air  vere  eralnated  in  the  copper 
tube  it  vas  found  that  the  limits  of  flammability  corresponded 
very  closely  to  those  found  using  glass  tubes.  HovsTer^  vhen 
methyl  broalde  vas  added  to  the  mixture^  the  peak  in  the  flammabil¬ 
ity  curve  vas  found  at  about  1.3  percent  agent,  as  compared  to  9*7 
percent  in  glass  tubes,  indicating  that  the  presence  of  copper  en- 
bsnced  the  action  of  methyl  brosiide. 

8.  .Taboratory  Inyestigatlon  of  Carrosian  at  ERF»  Since  the 
agent  vould  be  stdiject  to  st^aga  under  ajoy  oltmatic  conditions  for 
long  periods  of  time  in  a  metal  container,  stability  to  metals  vas 
chosen  as  a  means  of  classifying  the  materials.  Preliminary  studies 
at  PRF  shewed  that  the  compounds  being  evaluated  vere,  in  general, 
stable  to  powdered  aluminum  at  reflux  tenperatures .  Accordingly, 
a  series  of  experiments  vere  conducted  in  vblob  the  teat  cospounds 
vere  heated  in  contact  vlth  strips  of  metal  at  392  7  (200  C).  In 
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Tablo  TII.  of  Torloas  OoiihHVtllblM  oon  flaoauiblllV 

of  KixtarM  of  Bilogwn  Ccupwmd^  Air,  and  Atal 


Ooadtuat- 

me 


dMiloal 

fonnla 


Conoaaiarftilan  of^  ai  /laMablliigr  'PmJt 

(?  Uj  Tol. ) 

CBrfx  C^iBrg  02%Br  CS&yBr  9*5  CFj^ 
(Haloa  (BBlm  (BbIcbi  (inlaEa  (..  (Baloa 

1501)  1002)  2001)  1001)  ~)  Ik) 


E-boptana 

07% 

6.1 

5.2 

6.2 

9.7 

20.5 

26 

laopentana 

6.3 

6.8 

6.3 

8.k 

15.8 

20.k 

Benzene 

^^.3 

7.3 

8.2 

8.k 

18.3 

23.6 

Stbyl 

aloobol 

C^OB. 

3.7 

5.7 

5.2 

6.2 

10.6 

19.8 

Diethyl 

ether 

6.3 

7.7 

7.3 

7.2 

21.8 

22. k 

Acetone 

0 

0 

5.3 

5.7 

5.8 

7.3 

l6.k 

18.7 

Ethyl 

acetate 

CB^Cg]^ 

1^.6 

k.3 

6.3 

6.8 

17.5 

21.4 

Table  TUI.  Effect  of  Teiiq>ea:atare  on  tbe  FlaaBnabllit^ 
Peak  of  Halogen  Canpoands  vith  Isobatane 
(C4H20)  and  Air 


Agent 

Conoeniratldn  a!t  Peak  PlaaoBablllty 
by  Tol.) 

at  -78  C  at  +27  C  at  +145  C 

Tarnnla 

Halon 

No. 

Agent 

®4%0 

Agent 

®4®10 

Agent 

®4®1X) 

Bromotrlflaoro- 

Ttiftf.ha-nw 

CBrPj 

1301 

3.25 

4.5 

4.7 

4.6 

7.3 

4.0 

Methyl  bromide 

CH^ 

1001 

3.75 

3.5 

6.75 

4.0 

8.3 

4.0 

Chlorotrlflwaro-  OCIF, 
methane 

131 

8.25®  3.5 

10.75 

4.25 

12.8 

4.0 

Sulfur  hexa^ 
fluoride 

12.75 

5.0 

15.75 

5.0 

17 

5.5 

Carbon  tetra^ 
fluoride 

aF4 

14 

18.25 

5.0 

23.75 

4.0 

21.4 

3.5 

^lylded  flaanable  area  noted^  lover  peak  at  2.0 
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gBoaral,  caHj  the  oaterlals  'boiling  abore  abcmt  ^0  C  were  vad  In 
tMB  atndj’  and  tboae  oaqomda  weara  oboeaa  to  ahoa  tha  affaota,  if 
aagr,  of  stmotoral  ralatlanalvipa  on  InataStlll'^.  Tha  e^paratu  and 
prooadEraa  vaad  In  thla  taat  sra  daaorlhad  in  Appendix  IchlMt 

The  data  of  the  oarroslon  testa  are  sneurixad  In  Taible  H. 
The  aaspaimds  have  haan  dlrldad  Into  fosr  groi^s^  asoording  to  tha 
vel^t  change  In  the  natal.  Tha  raanlts  show  that  tha  eonpounds  are 
lees  stahla  toward  alsnlnxai  than  ^  either  harass^  oopperj  iron  or 
nagoealaniy  hut  that  there  ^^paairs  to  he  no  slgnlfloant  dlfferenee 
hetveen  the  atahUlty  of  these  oonpomda  to  Ixrass  and  ooppar.  Oon* 
plate  reports  of  oarroslon  tests  are  found  in  Appendix  D,  Ixhlhlt  6. 

9<>  Heetoioal  CondactiTity  Testa  at  HOf.  One  of  the  nllltary 
requiremantis  of  the  nsv  tTpe  agemt  is  ihai  it  he  sul table  for  appllo- 
oatlon  to  Class  C  fires;  that  Is^  it  nast  he  essantlally  a  nonooH— 
dnotor  of  eleotriolty.  In  vlev  of  thls^  the  undertoolc  appropri¬ 
ate  resistlTity  measurementa .  A  ¥astinghouse  power  factor  cell  and 
General  Radio  megohm  bridge^  T7pe  vere  used  in  determining 

the  Tolume  realstlTltles  of  rarlous  flnorooarhonB  as  listed  halov: 


Canqpound 

ResistlYlty 

(Ohm-om) 

Perfluoramathylcyclohexane 

k  X  10^^ 

Parfluoroethylcyci.ohexane 

1  X  10^^ 

Perfluaroindane 

2  X  10-^^ 

Perfluoro-n-heptane 

2  X  10^ 

Perfluoronaphthalaae 

A  X  10^^ 

These  results  indicated  that  the  cooqponnds  are^  for  prajctlcal  pur¬ 
poses^  noncandnctQrs .  Bata  on  the  hromofluorocarhonB  are  at  present 
Incon^leteo 

10.  Laboratory  InTeetlg^tlon  of  Toxicity.  An  InTestlgatlon  of 
toxicity  was  started  at  the  Army  Cihemloal  Canxer  (l)  to  determine 
the  approximate  lethal  canjoentrations  of  selected  new  agents  and  of 
such  agents  as  chlorohromamethaiie  (halon  1011}  and  earhocn  tetra¬ 
chloride  (halon  104)j  (2)  to  condact  a  thorough  study  of  the  long¬ 

term  physiological  effects  of  the  finally  selected  agent  or  agents; 
and  (3)  to  conduct  toxicity  teats  in  the  presence  of  f.Lame  to  deter¬ 
mine  the  physiological  effects  of  the  selected  agents  Txnder  simnlated 
conditions  of  applloatlon.  The  detailed  planning  of  this  program.  hAa 
been  condaeted  In  cooperation  with  both  the  army  Industrial  i^yglene 
laboratory  and  the  Medical  DiTislon  of  the  Army  Chemical  Center. 


J3/ 
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Tallis  H.  SteJiUltj  of  Tfrilggaa  C<apcnpiilg  aftar  30*daj 
Cqntso^  slth  miaiM  a%SOOT  tcU^W 


Ccaq^osnd 

WBMtg 

55e  866 
M  Cf) 

W 

JH. 

ISSS 

or)_ 

TS5 

(?) 

Jl) 

“BBS  w 

J!) _ »I_ 

Kn 

HalocarBcna 

®T^i6 

B 

a  a  a 

A 

a  a  a  -> 

A 

a  a  a 

A 

a  a  a  a  a  a 

A^) 

®6^11®3 

B 

a  a  a 

A 

a  a  a 

A 

a  a  a 

A 

a  a  a  a  a  a 

®6*'ll®2®*'3 

B 

a  a  a 

A 

a  a  a 

A 

a  a  a 

A 

a  a  a  a  a  a 

a(») 

l,3-CgFiLo(®‘j)2 

B 

a  a  a 

A 

a  a  a 

A 

a  a  a 

A 

a  a  a  a  a  a 

A(a) 

l>«6'lo(®3>2 

B 

a  a  a 

A 

a  a  a 

A 

a  a  a 

A 

a  a  a  a  a  a 

A(a) 

Cio^lS 

D 

a  a  a 

a  a  a 

a  a  a 

A 

a  a  a 

A 

a  a  a  a  a  a 

a(») 

CClgTCClFg 

A 

a  a  a 

a  a  a 

a  a  a 

C 

a  a  a 

A 

a  a  a  a  a  a 

CBrPjjCBrFjj 

B 

A 

a  a  a 

A 

C 

A 

A 

A  a  a  a 

a  a  a 

Cf gXCFgT 

•  a  a 

ctx) 

a  a  a 

b(^) 

a  a  a 

a  a  a 

%  a  a 

.0  a  a  a 

a  a  a 

CC14 

B 

c 

a  a  a 

B 

B 

B 

B 

B 

a  a  a 

Bjalohydrocarhans 

GF^CB^CB^ 

A 

a  a  a 

a  a  a 

a  a  a 

b 

a  a  a 

B 

a  a  a  a  a  a 

a  a  a 

CFjCBBiC^ 

B 

A 

3 

A 

c 

A 

B 

A 

a  a  a 

CHgBrCFgCBgBr 

a  0  a 

a(o) 

a  a  a 

A<°> 

a  a  a 

a  a  a 

a  a  a 

3^®^  ... 

b(c) 

CBgBrCfigOl 

C 

B 

a  a  a 

A 

C 

B 

C 

B 

B 

CB^BrCl 

C 

a  a  a 

a  a  a 

a  a  a 

B 

0  a  a 

B 

a  a  a  a  a  a 

a  a  a 

0^2 

0 

a  a  a 

a  a  a 

a  a  a 

B 

a  a  a 

C 

a  a  a  a  a  a 

a  a  a 

CBgClg 

B 

a  a  0 

a  a  a 

a  a  a 

B 

a  a  a 

B 

a  a  a  a  a  a 

a  a  a 

a  a  a 

0(i) 

a  a  a 

a  a  a 

a  a  a 

... 

C^Cl^I 

a  a  a 

c(d) 

a  a  a 

a  a  a 

a  a  a 

a  a  a 

... 

b(^) 

Code: 


A  -  Wel£^t  ohan^  lass  than  0.0l£.  Botes; 

B  >  Walglht  chanfge  Betasan  0.01  and  O.lg 

C  -  Vel^t  oliange  greater  than  O.lg 

B  -  CcB^etaly  coiuEnDasd 

(Original  weight  of  all  sasqilea  Taried 

from  1.2  to  5-5  8,  depending  on  the 

metal  used.) 


(a)  oontaot  tloe 
27  dejs 
(h)  contact  time 
14  da^B 

(c)  contact  time 

32  iajs 

(d)  contact  time 

11-13  dajB 
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To  date  cmly  eoreenlng  tests  hare  been  ooadacted  at  the 
Armf  Chenloal  Center.  The  method  used  for  these  tests  vas  adapted 
frcm  the  prooednre  used  hy  Belohaan  and  Nergard  In  their  study  of 
apprazimate  lethal  doses  (AID)  of  Tarloos  eoapoonds.  In  »he  tests, 
white  rat  speolnens  were  exposed  to  rarious  rapor  oonoentrations  of 
the  agent  for  a  period  of  fifteen  ainutes  in  order  to  determine  the 
approximate  lethal  oonoentration  (ALC)  of  the  agent. ^  (?or  a  de¬ 
scription  of  the  procedure  used  to  bracket  the  ALC  see  Appendix  D, 
axhibit  7.) 

The  toxicity  of  the  natural  Tapors  and  of  the  pyrolized 
rapors  of  the  sane  agents  are  presented  in  Table  Z.  The  specinsns 
were  obserred  for  l4  days  after  the  1^-minute  exposure,  and  the 
toxiolties  recorded  are  based  on  mortalities  occurring  in  the  14- 
day  period.  In  the  tests  with  pyrolized  Tapers,  the  rapors  were 
passed  with  air  throu^  an  iron  pipe  heated  to  oOO  C,  and  sub¬ 
sequently  cooled  to  room  tei^rature.  This  test  vas  conducted  to 
obtain  preliminary  Indlcationa  of  the  toxic  effect  of  the  agents 
when  applied  to  fires  vlth  hot  metal  (iron)  surfaces  inyolred. 
Sxcept  for  the  use  of  the  hot  iron  tube  the  same  procedures  were 
used  to  obtain  these  data  as  were  used  to  screen  the  direct 
toxlcltles . 

11.  Practical  Fire  Tests.  In  order  to  rerlfy  the  flMlngs 
of  the  laboratory  studies,  and  to  make  a  final  screening  of  the 
confounds  displaying  superior  fire  extinguishing  effeotlTeness, 
practical  tests  were  candneted  on  Class  A  and  Class  B  fires  with 


the  following  agents: 

Agent  Baloo  Ho. 

Bramotrlfluoromethane  1^01 

Blbrcmodlfluoronethane  1202 

Dlbrcmotetrafluoroethana  2402 

PerfluorGoethyloyolohMcane  QHCn) 

Methyl  bromide  1001 

Carbon  tetrachloride  104 

Carbon  dioxide 

Methyl  iodide  10001 

Ohlorobrcmomethane  1011 


ALC  is  used  to  indlwie  the  toxiolty  of  the  agent  when  it 
is  Inhaled.  The  term  is  analogous  to  ALD,  which  Indicates  the 
toxiolty  of  the  agent  when  it  is  administered  orally  or  sub¬ 
cutaneously,  and  is  derired  in  the  same  manner. 


3’3-2. 


Table  X.  Approximate  Lethal  Canceatratloiis^  for  l^-mlnute 
to  Vapors  of  Yarlous  Fire  XxtliigalshlQg  Conpoonds 
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The  first  two  compoimds  Hated,  brcmotrifluoramethane  and  dlhromodi- 
fluoromethane,  were  selected  because  the  laboratory  studies  Indicat¬ 
ed  that  the  most  effective  and  stable  agent  would  be  a  bromofluoro- 
oarbon  having  a  single  carbon  atcm  and  at  least  two  fluorine  atoms 
per  molecule.  The  second  two  confounds  represent  intermediate  de¬ 
grees  of  effectiveness  among  new  agents  studied  In  the  laboratory 
at  the  ERF,  while  the  remaining  chemicals  either  represent  exist¬ 
ing  standards  or  have  been  pi*oposed  in  the  past  as  fire  extinguish¬ 
ing  agents,  and  have  been  tasted  in  the  studies  conducted  at  the 
ERF, 


Standard  Underwriters’  Laboratories  tests  were  modified  to 
accommodate  2-pound  teat  samples,  2-foot  tub  fires  being  used  for 
the  Class  B  tests  and  2-  by  2-,  2-  by  3-,  and  2-  by  4-foot  cotton 
waste  fire  tests  for  the  Class  G  tests.  The  procedures  for  the  in¬ 
dividual  tests  are  found  in  Appendix  D,  Exhibit  8, 

In  conducting  the  fire  teats  it  was  desired  to  obtain  com¬ 
parable  data  on  liquid  and  gaseotjs  agents  applied  under  nitrogen 
pressure.  The  pressures  used  were  800  psi  (roughly  eq^ui valent  to 
the  vapor  pressure  of  CO2  at  room  teBq>erature ) ,  and  400  psi  (an  inter¬ 
mediate  pressure  sufficient  to  Insui'e  discharge  at  -65  F),  At  these 
pressures  the  agent  was  discharged  as  a  light  mist.  For  discharging 
the  various  agents  a  Randolph  Laboratories  stan’.^rd  2|--pound  CO2  ex¬ 
tinguisher  was  selected  because  of  its  simplicity  of  operation, 
moderate  capacity,  and  dependability.  The  human  element  introduced 
by  the  laanual  attack  on  the  fires  combined  with  such  uncontrolled 
variables  as  air  turbulence  to  cause  deviations  from  one  individual 
test  to  another.  For  most  agents  as  a  ccmpram‘’80  between  a  number 
which  would  give  precise,  statlatlceLLTy  reproducible  results,  and  the 
quantity  of  the  new  agents  available,  10  tests  were  made  and  the  re¬ 
sults  were  averaged.  The  time  of  extinguishment  reported  gives  an 
indication  only  of  the  rate  of  discharge,  and  in  the  times  reported 
there  may  be  varying  consistant  eirrors,  depending  on  the  individxial 
operator,  from  one  series  of  teste  to  another. 

% 

The  results  of  the  engineering  tests  are  presented  in 
Table  XI,  in  which  are  tabulated,  in  addition  to  the  comparative 
weights  of  the  agents  used,  to  extinguish  the  standard  fires,  the 
percent  effectiveness  of  the  various  agents,  based  on  an  -assumed 
vaJ.ue  of  100  for  methyl  bromide.  The  percent  effectiveness  (E) 
was  calotilated  by  the  fol.lowing  formula; 

E  s  100 

"a 

where  W  s  the  weight  of  methyl  bromide  used  in  the  standard 
teat, 

Wa  ?  the  weight  of  agent  used  in  the  standard  teat. 
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Table  ZI.  Weight  Effect iTeneas,  in  Peroentages,  of  Selected 
Agents  Against  Class  B  and  C  fires  (  Arerage 
of  10  Tests  imless  Otherwise  Bbted). 
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12.  Loy  Temperature  Testa  at  ERDL.  A  series  of  tests  designed 
to  duplicate  as  nearly  as  possllile  arctic  enYlronment,  vas  under¬ 
taken  In  the  ERQL  Cold  Chanher  at  temperatures  ranging  from  to 
-6^  F  to  detexmlne  If  the  othervlse  qualified  agents  vere  suitable 
for  use  under  arctic  conditions. 

To  conduct  the  tests  a  special  assembly  vas  designed^  and 
vas  constructed  In  the  ERDL  Shops.  The  assembly  vas  semi -automatical¬ 
ly  and  remotely  controlled^  the  actuation  of  the  extinguisher  being 
mechanical,  so  that  the  human  element  In  the  extinguishment  of  the 
test  fires  vas  eliminated.  The  description  of  the  apparatus  and  the 
test  procedures  are  contained  In  Appendix  D,  Exhibit  10. 

During  the  actual  fires  the  exhaust  fan  and  the  precooler 
system  of  the  cold  chamber  vere  operated  to  Insure  eidequate  ventila¬ 
tion  of  the  Chamber.  Hovever,  the  admission  of  large  quantities  of 
air,  not  completely  chilled  to  -65  F,  at  essentially  100  percent 
humidity  caused  Icing  In  the  primary  cooling  colls  of  the  chamber, 
vhlch  in  turn  made  It  Inqiosslble  to  maintain  -6^  F,  vlthout  long 
Intervals  betveen  tests,  therefore,  a  temperature  ranging  from  -55 
to  -65  F  vas  maintained. 

A  summary  of  the  test  data  Is  presented  In  Table  ZII.  In 
this  table  the  average  velghts  and  times  required  for  extinguishing 
the  pan  fires  vlth  the  respective  agents  are  reported.  These  aver¬ 
ages  do  not  Include  teats  In  vhlch  no  extinguishment  occurred,  or 
In  vhlch  definite  malfunctioning  of  the  test  apparatus  vas  noted. 
Comparison  of  the  number  of  veG.ld  teste  vlth  the  number  of  ex¬ 
tinguishments  for  each  agent  provides  an  Indication  of  the  reli¬ 
ability  of  the  agents. 


III.  Discussioir 

13.  General.  The  initial  goals  of  the  laboratory  study  vere 
to  obtain  arul  evaluate  a  substantial  number  of  compounds,  to  deter¬ 
mine  the  best  of  the  group  vlth  respect  to  fire  suppression,  and  to 
determine  vhether  the  data  on  the  entire  group  could  be  coirelated 
on  some  basis  that  vould  indicate  the  type  of  compound  that  could  be 
expected  to  possess  superior  fire  inhibiting  properties.  These  goals 
have  been  largely  accomplished.  At  present,  laboratory  vork  is  pri¬ 
marily  concerned  vlth  establishing  the  mechanisms  responsible  for  the 
flame  suppressing  activity  of  halogenated  agents.  The  information 
sought  in  this  study  Is  believed  to  be  the  key  to  the  currently  un¬ 
explained  results. 

In  addition  to  the  study  of  the  extinguishment  mechanism 
(vhlch  includes  the  correlation  of  physical  properties  and  constants, 
and  the  determination  of  thermal  decomposition  products  vlth  and 
vlthout  fuels  and  oxygen  present),  additional  tests  of  compounds 
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TeJkla  XU.  fflu—ny  of  iMilts  of  Lev  T«q«ratK«  Toata 


Agent 

Xaloo 

lb. 

irg. 

let. 

TIm 

“x^rtr: 

Agent 
to  Ixt. 

_ 

■». 

Talid 

Tests 

lo. 

Ixt. 

Tee^.  Bangs 

a>«. ») 

Nathyl  bromide 

1001 

7.6 

33^5 

12 

6 

-56  to  -64 

Hhrcmodlfloaro- 

■■o'fehwmA 

1202 

6.6 

24.5 

11 

11 

-55  to  -65 

Sroaotrlfleoro- 

f<yfch«nA 

1301 

3.0 

21.0 

l£ 

14 

-50  to  -60 

Mbromotetra- 

flnorethana 

2402 

5.5 

24.0 

10 

3 

-51  to  -58 

Straight  Stream  Alplleatlon.  (200  psig)^ 

Nathyl  hronlds^ 

1001 

3.5 

27.0 

3 

1 

-56  to  -57 

SlhrcBodiflwxro- 

methane^ 

1202 

4,0 

26.0 

1 

1 

-59  to  -60 

Dlhromotetra- 

fluoroethane^ 

2402 

3.0 

22.5 

1 

1 

-54  to  -55 

(a)  Bttlagglahar  cylinders  were  pressurised  to  the  indicated  pres¬ 
sure  at  70  I  vith  I2  • 


(h)  Agents  natorally  lifold  at  rooa  teo^efratore;  oaoBBeroial  carhon 
tetrachlaride  noszle  used  for  application. 

containing  elements  other  than  carhon^  hydrogen  and  the  halogens  viU 
he  made  to  rerify  some  of  the  tentatire  eanelnsloiis.  At  the  termiaa- 
tlon  of  thaae  lahoratory  studies^  anffieiant  kncnrledge  shoald  he 
attained  so  that  any  trial  and  error  izcrastigatlon  of  halogenated  or 
Taporizing  type  eztingalshlng  agents  will  he  nnneceesazy. 

The  theoretloal  slgoifioatuse  of  the  laboratory  data  and 
its  relation  to  the  selection  of  an  agent  for  service  test  are  dis- 
cnesed  in  svhseqiient  psragreqshs. 

ll^.  Correlation  and  Analgia  Of  lahoratory  XttlTigaiflhment  Data. 
A  study  of  the  results  of  the  Pordne  and  ]^^SL  Inresti^tlona^  and 
their  ocrrelatlon  with  those  obtained  elsewhere^  reveals  that  certain 
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extlngHsblag  aganta  ara  moan  affeotlTa  than  othera  mdeir  all  oon- 
dltlona  teatad. 

a.  Oyralatlon  of  ^ta.  The  laboratazj  n-heptane  fire 
tasta  ware  nm  in  the  Materials  l^anoh  to  detazslne  the  relatlre 
effeotlTeneas  of  selected  agents  yhloh  had.  been  tested,  at  Perdue. 
The  plot  of  data  in  Fig.  2,  a  oonparlaon  on  the  hafla  of  vei^t^ 
indicates  that  a  direct  relatlonahip  exists  between  the  tvo  sets 
of  data.  Thsa^  it  appears  that  the  flame  inhibiting  effect  of  an 
agent  is  a  measure  of  its  general  fire  fighting  effeotiyeneas. 

As  a  further  oheok  on  the  results  of  the  flame  ex¬ 
tinction  and  Inhibition  tests  on  fire  fluting  agents^  a  coi^pari- 
son^  on  the  weight  basls^  was  made  with  test  data  from  outside 
sources.  These  include  teats  performed  by  the  CAA  Experiment 
Station^  the  Minnesota  Mining  and  Manufacturing  Ccmppany,  and  by 
two  British  agencies.  The  data  from  these  sources  are  contained 
in  Appendix  S,  Sihlblts  1  through  3,  respeotiyely^  axid  are  sum¬ 
marized  in  Table  XIII,  from  which  it  can  be  seen  that  while 
methyl  iodide  does  not  perform  as  well  in  some  actual  testa  as 
predicted,  the  relatlonahip  between  methyl  bromide  carbon 
tetrachloride  is  fairly  oonslstant  regardless  of  the  source  of 
data. 


Table  XIII.  Con^ariaon  of  Extinguishment 
Data  from  Tarlous  Sources 


t  E^fectiyeneas  on  Weight  !Baala^ 


Agent 

Salon 

Bo. 

Pyrene 

Co., 

Ltd. 

Burgoyne 

and 

Blchardson^ 

CAA 

IBP 

MN&N 

Methyl  bromide 

1001 

100 

100 

100 

100 

•  •  • 

Methyl  iodide 

10001 

68 

•  •  • 

67 

106 

95 

Carbon  tetra- 
ohlorlde 

104 

58 

47 

42 

52 

57 

Carbon  dioxide 


71° 


(a)  Methyl  bromide  set  at  100^ 

(b)  See  Appendix  E,  Exhibit  1 
(e)  See  Appendix  E,  Exhibit  2 
(d)  See  Appendix  S,  Exhibit  5 


53.5' 


55.5 
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b.  ■Binqjry  Hlxtares .  In  tha  InTestlgatlon  of  Binary 
alxtnras.  It  was  orlglnaliy  asanned  that  the  reeultlng  flaanahlllty 
peah  coold  he  deteimlned  hy  adding  the  nole  fraotion  tlaea  the 
flanmahlllty  peak  of  the  first  agent  to  the  prodnot  of  the  sane 
properties  of  the  second  agent.  HcweTer,  the  Talldlty  of  this  aa- 
snoptlon  vaa  not  home  out  hy  a  coniparlsan  of  the  obserred  resuLta 
vlth  those  calculated  (see  Table  Xlf).  In  this  respect  It  Is  In- 
terestlng  to  apply  the  LeChatellar  reciprocal  nolar  addltlylty  rule^ 
for  predicting  the  lover  flanmable  Units  of  mixtures  of  tvo  com¬ 
bustibles.  If  such  a  relationship  Is  applied  to  the  data  of  Table  Y, 
the  following  foraula  inay  be  used: 


A 


where: 

a  calculated  flanmsblli'^  peak  of  the  eq[ulTOlune 
mixture  by  the  above  method^ 

-  the  flammability  peak  of  cooponent  A, 

F^  ■  the  flammability  peak  of  con^onent  B. 

If  a  direct  relationship  Is  assumed,  the  following  equation  Is  used  as 
Indicated  In  Table  Y: 

V  _  ^ 

- - 2 - 

where: 

Pq  ;  calculated  flammability  peak  in  the  above  equation, 

PJ^  end  Pb  are  as  indicated  previously. 


The  rule  Is  given  by  H.  LeChatller  (Sstlmatlon  of  Fire  Samp 
by  Flammability  Limits,  Ann.  Mines,  Yol.  19,  Ser.  8,  (I891) 
pp.  588-395),  and  may  be  written: 


^  *  h> 


where; 


Lq^  :  lower  limit  of  flammability  of  a  mixture  in  volume 
percent. 

La  =  lower  limit  of  flammability  of  component  A  In  volume 
percent. 

Lb  -  lower  limit  of  flammability  of  component  B  In  volume 
percent, 

F^  a  mole  fraction  of  component  A  In  the  fuels,  and 

F^  m  mole  fraction  of  component  B  In  the  fuels. 


flMBbllltj 


TIM  tRO  actteds  «f  ttOnOatiag  mmbi 
oif  BixtiDM  arc  ecaqKrai  la  Talla  XIf|r  Movs 


TaJdja  ZZT.  BaroaodM^i  of  Ai^aata  at 
tar  Bloary  Miztaraa  «f  Mkra 
SaXafltAdL  iMBoxta* 


OoBMaatratlOK  of  i|pnt 

A^t  KLqa 

lo. 


TrlbroMofliiDro- 

■athane 

1103 

5*3 

^.8 

^7 

antleOBurglatlo 

PerflBioroethpl- 

Gfclohaune 

IP(K) 

6.8 

5.^^ 

6.0 

5.9 

ajnergintlo 

Xthjl  broolde 

2001 

6.2 

5.7 

5.7 

5.7 

agposrglstla 

Oarben  tetrar- 
chloride 

ISA 

11.5 

7.2 

8.4 

7.2 

T 

Chlcroftotm 

103 

17.5 

9.3 

11.4 

8.0 

? 

(a)  Tlw  dllxToanaane thane  end  selected  agents  vare  In  aaoh  case  an 

eqalTDlaae  alztare.  (Flaaaahllltgr  peak  of  diteroanae thane  s  ^>2^^ 
(h)  Fg  a  ezperljaant6LUj  otaaervod  flaaoaahlUtj  peak  for  the  Jdztare. 

Althongh  the  recljrooal  aolar  addltlTlty  nla  appears 
to  oonfam  to  these  data  hatter  than  the  direct  Bdar  ararage  TalJuw 
(P^  TB  P(j)j,  the  aaall  xaaSmr  of  iBStanoea  do  not  dafinlteljr  indicate 
the  si^rlorlty  of  either  Bethod. 

Since  the  tests  rerealed  no  slgolfloant  increase  in 
effectlreaesa  as  a  result  of  the  ase  of  a  hlnary  nlxtnrc*  in 
Tlee  of  the  llnltatloos  of  the  project^  no  farther  mark  nas  heen  xcbt' 
dartaken  on  the  saCbJect  of  nixtares. 


c.  Ifee  of  Tyloas  Fyels*  Teats  of  selected  agents  In 
Inhibiting  flans  in  Tarlaaa  foafs  'indicated  that  their  irelatlTe 
affectlTenesa  did  not  recej  appreolafblj  irlth  a  Tarlatlcn  of  the  fsel. 
HoveTer^  sone  oorrelatloa  nas  noted  betnaen  tbs  beat  of  cagChnstlon 
of  the  fuel  and  the  naan  of  the  flansabllltj  peaks  of  the  agents 
oalonlated  bj  the  reciprocal  nethod.  That  le. 
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n  1»ein^  the  naabar  of  roolprooal  flOHUibllitj  peaks  in  the  swaa- 
tlon.  Fig.  3  Indleatea  that  in  aost  oasas  the  klgheat  flasMihllity 
peaks  are  ohteiinad  with  fuels  haring  hi^  heata  of  ooaibastian,  these 
being  present  in  a  haaogenows  rapor  aixtore  of  fuel,  air,  and  agent. 
Knrarer,  in  the  praatioal  fire  fitting  testa  of  Bargoyne  and 
Slehardson  (see  Appendix  1,  Schiblt  3)>  it  vaa  fonod  that  ahen  ecn- 
bastion  aas  supported  by  the  rt^arlzias  fuel,  a  higher  oonoentra- 
tlon  of  agent  vaa  required  to  axtinguiah  ethanol  fires  than  vaa  re¬ 
quired  to  eztlngulsb  banaene  fires.  Thus,  it  appears  that  fastors 
other  the  heat  of  eoaibnstlan  aust  be  eonsldered  in  ooaqparing 
the  data  from  these  tvo  souroes.  Aanng  these  are  the  rolatlllty  of 
the  ooDbustlble  and  Its  rate  of  diffusion. 

d.  Tarlntlon  In  Jaaperature.  It  Is  seen  from  Sable  TZU 
that  the  order  of  effectlreness  of  ihe  halogen  ooaipofands  tested  are 
the  sane  for  the  range  of  teaperatures  studied,  l.e.,  -78  0  to  -lk3  C 
(-lOd  I  to  -293  F) .  This  fact  is  of  praetioal  ijq^tanoe,  but  the 
IrTegnlarltlea  of  the  flanaable  areas  for  the  redueed  teaqperatnres 
(see  Appendix  H,  Sxhlblt  4)  hare  no  apparent  «cplanatlan  at  preseut. 
As  more  Is  learned  about  the  f lone  extinguishing  aechanlaas  of  the 
rarlons  agents,  farther  analysis  of  these  data  viU  be  undertaken. 

e.  K«eot  of  CcaOma tlon  Tube.  The  results  of  the  flam- 
■ability^  detemlnatlan  vith  oethyl  ‘hrcnlde.  Indicating  a  lover  flam- 
■abllity  peak  in  copper  Teasels,  are  vlth  precedent,  since  In  ex¬ 
periments  vlth  mixtures  of  hydrogen  and  oxygen  in  sllrer  r^sels 
the  reaction  rate  of  the  gases  vas  significantly  retarded.^  It  vas 
hypothesized  that  the  presence  of  sllrer  In  rapor  farm  Interfered 
vlth  flame  propagation  by  blocking  hydrogen  radicals.  The  pre¬ 
sence  of  sllrer  rapor  vas  attributed  to  the  action  of  hydrogen 
radicals  at  the  ressel  surface.  It  seems  possible  that  the  same 
mechanism  could  act  in  a  copper  ressel.  The  PRF  has  made  no 
farther  experimental  inreetigatlons  of  this  phenomenon  since  It 
vxnild  hare  entailed  the  use  of  additional  and  dlrerslfled  equip¬ 
ment,  vhereas  other  inrest Igations  vere  laore  pertinent  to  the 
immediate  problem  of  explaining  the  mechanisms  of  the  indlridnal 
agents. 


15.  Fffect  of  Molecular  Structure  on  Extinguishment.  In 
this  theoretical  analysis  of  data,  certain  oorrelatlaas  are  ap¬ 
parent  vhen  the  reciprocals  of  the  flamablllty  peaks  are  examin¬ 
ed  or  manipulated.  This  appears  logical,  since  the  agent  blocks 
or  inhibits  flame  propagation  vhlch  vould  othervlse  occur.  The 
reciprocal  of  the  flammability  peak  Is  a  direct  fozustlon  of  the 
ability  of  an  agent  to  Inhibit  a  flame,  vhereas  the  flammability 
peak  is  an  Inrerse  function  of  the  same  action.  By  considering 
the  flammability  peaks  of  the  rarlous  agent- fuel  mixtures  as  the 

%  n  a.  tonUTbe,  CombusMon.  Flames  and  Bxploslms 

of  Gases,  (Cambridge:  Cambridge  Tfalrersity  Press,  193ti)* 
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aeM«r9  of  flam  "eondBetlTitar"  asid  tlia  reolpropaLLa  of  the  flamahll- 
Itj  peaks  as  a  neasicre  of  flase  "raslatlTltj"  the  folLoiriiig  aoproxl- 
aate  atoalo  ^IstlTltles  ver^  dadsoad  afteo*  ^erraral  trial  axii  error 
oaOeslatiaxisr 


Fluorine 

1 

Chlorine 

2 

Brcmine 

10 

Iodine 

l6 

TrcB  these  ataailc  zeslatlrltles  the  flansbiUt^  peak  of 
the  TarloHS  halooarhona  may  he  estimated  hy  means  of  the  foUovlsg 
formola: 


rp  -  100 

®  "  £17 


vhere: 


s  :  molar  reslstlTlty^ 

Bf^  Be  B|,  and  Bj^  heing  the  atgado  reslstlTlty^  and  A,  C,  and 
B  heing  the  number  of  fluorine^  chlorine^  hremine^  or  iodizie  atoms 
in  the  respectire  agents.  These  resistirities  are  approximate^ 
since  any  more  exact  detamination  voold  haye  heen  more  JLahorioas 
than  varranted  until  the  fall  significanoe  of  these  data  is  asoer* 
tained.7 


r. 


7. 


The  'Purdoe  data  vere  examined  to  determine  if  the  flammahllity 
peaks  coold  he  correlated  in  any  vay  with  the  chemical  structure. 
In  one  Inyestigation  the  reciprocals  of  the  flammability  peaks 
vere  calculated.  On  examination  of  the  reciprocals^  an  apparent 
additiye  effect  of  the  yarious  halogens  of  the  halocarhons  vas 
noted.  The  term  resistlyity  is  used  to  indicate  a  measure  of 
the  resistance  to  flans  propagation. 


It  is  of  farther  Interest  to  note  that  the  atomic  resistiyity 
rule  is  of  the  same  form  as  the  LeChatelier  rule  (see  par.  Ik), 
l.e.,  if  FP.  =  ■  -  then  a  "reciprocal  condnetiyity" 

ABa  ♦  oto. 

can  he  used  in  place  of  the  resistiyity  so  that:  s  ■■  ■  ■  ■ .  ^  t 


vhich  is  of  the  same  form  as  1 


P 

a 


Jlo6t  of  the  fleonahlll'^  peaks  tlnui  olbtaiiUBd  as  oan  he 
seen  from.  Table  X?,  ooacrespaaid  to  the  ohaaonred  Tslaea.  Uiere  larga 
derlatlona  oeatWy  It  ie  posBlhle  that  they  are  the  reaalt  of  rarla- 
tlQDB  In  the  aeohanlana  of  e3ctlTigi.1ahBent.  There  ia  alao  an  Indlea- 
tlon  that  non-syaetrloal  ooB^pounda  deriate  In  a  poaltlte  eannar  (l.e. 
better  than  predicted  by  atoHlo  reelatlTltlea)  frcai  the  agpronclawtai 
perfarBanoe  Id  Inhibiting  flaae  propagation.  Oalcvlatad  and  obaerr- 
ed  flaHaablllty  peaks  are  cited  partloalarly  for  the  foUoslag: 


Balon  Xo 

2-broBU>-l,l,  1- tr  Ifluoropropane 

3301B 

3-braBO-l,  1, 1-trlf  lucropropane 

3301C 

Brcnotrlfluorcnie  thane 

1301 

l-broBu>-2,  2-dlf  luoropropane 

3201 

2-brcino-l-  ohloro-1, 1-dlf  luoropropane 

3211B 

2-br<mu>-l,  1, 1- tr  If  luaroethans 

2301 

The 

be  estimated^ 
being 


val£^t  effectlraneas  of  a  halogenated  agent  nay  also 
on  the  basis  of  nethyl  bromide  as  100  percent,  as 


vhere: 

Is  as  abore 


M  »  molecular  weight  of  the  agent 

fmolecular  weight  of  methyl  bramlde\ 
V  Rb  / 


950  =  100  X 


This  estimated  effectlyeness  corresponds  In  the  Instances 
where  the  calculated  and  observed  flammability  peaks  are  In  agree¬ 
ment. 


Thns.  the  estimated  effectlVKiess  of  trlohlorome thane 
(chloroform)  Is 

950  X  6 

^119*  5  *  ^  percent  (observed  *  4b  percent), 

and  that  of  carbon  tetrachloride  is 

^  *  49  percent  (observed  =  52  percent). 
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Talde  17.  FlaanalJlllty  ItesletiTity  Analyels  of  Purduo  Data 


4 

tteoljB'Ooai 
of  Ob»wrw%A 

Cainiatad 

OkMTTCd 

Molv 

flMMlbllltj 

W.—rtU- 

n—iTiu- 

amu- 

Pwric  X  100 

lt7  PMdE 

1^  PMk 

aoaa 

■o. 

tlTltjr 

(nj 

_ m _ 

_ iSL__ 

-■Jf).... 

_ jLSi _ 

■_  iU.. 

. <6J  ■ 

BltrcaoAiftMgrcMthHM 

1202 

22 

23.8 

4.5 

4.2 

l,e.4itapai».l,l..«lflaarMthaaM 

2202A 

22 

23.5 

4.3 

4.3 

TrltirrTrnw-n— tlixiK 

1103 

31 

23.2 

3.2 

4.3 

2.dltetHD-2-aKI(Brotelflnaro«tliaiM 

2312 

25 

22.6 

4.0 

4.6 

a-'braao-l,!,  l-trlflnaa-qiropaiia 

33013 

13 

20.4 

7.7 

4.9 

1,  2-dl'brcMtateaf  IsflOTMthaae 

2h02 

2h 

20.4 

k,2 

4.9 

1,  2-dllodot«taraflnaraetlMaM 

2lt002 

36 

20.0 

2.8 

5.0 

DltiroBOMthana 

1002 

20 

19.2 

5.0 

5.2 

lodflpaataflMaroethaa* 

25001 

21 

19 

4.8 

5.3 

j.'broBO- 1, 1- tr  If IwrqprqpaiM 

3301A 

13 

18.5 

7.7 

5.4 

Xtbrl  lodlA* 

20001 

16 

17.8 

6.2 

5.6 

Brcagputaflnaroetliaad 

2501 

15 

16.3 

6.6 

6.1 

Natlijl  lodlds 

10001 

16 

16.3 

6.2 

6.1 

Bronotr  if  loarcaathaas 

1301 

13 

16.3 

7.7 

6.1 

Stl^l  temlds 

2001 

10 

16.2 

10 

6.2 

l>feroao>2, 2-dlf InorapropaiM 

320^ 

12 

15.9 

8.3 

6.3 

2-'brflno-l-ohlaro.l,l-dlflwroirapaaa 

32113 

Ih 

7.1 

6e^ 

OltaraMfluoraaattiaas 

U02 

21 

15.6 

k.S 

6a^ 

2-tirano-l,  1, 1- tr  lfl«tac«etliaiM 

2301 

13 

14.7 

7.7 

6.8 

ParfltwrofettyleyelohaTana ) 

MPlX) 

16 

14.7 

6.2 

6.8 

Porflnaro ( 1, 3* dinath^lojclobaxaiw } 

KP(3II) 

16 

14.7 

6.2 

6.6 

P«rf  laaoro  (1,  U-dUutliyleTolohaxana ) 

HP(llM) 

.  16 

14.7 

6.2 

6.8 

lodotrlflvoraaethana 

13001 

19 

14.7 

5.3 

6e8 

l-iiroao.2-ohlcaroethana 

20113 

12 

13.9 

8.3 

7.2 

2-'br<BK>~l.oUaro-l,  1-dlf  liHiro«tbaa« 

2211 

l>k 

15.3 

7.1 

7.2 

Parfluoro  (aatbylOTClohexana } 

(■(M) 

Ih 

13.3 

7.1 

7.5 

PerflworoheptaDs 

OP 

16 

13.3 

6.2 

7.5 

ChloroBranoMtlumo 

1011 

12 

13.1 

8.5 

7.6 

Brcoodlfluarautbana 

1201 

12 

11.9 

8.3 

8.4 

1,2,2.  'briohlorotelfluoroe thane 

233 

9 

11.1 

U.l 

9.0 

^7drogen  hromlda 

e  e  e 

10 

10.7 

10 

9.5 

BroiKichlorodlfluaraDethane 

1211 

Ik 

10.7 

7.2 

9.3 

Metlqrl  hrcmlde 

1001 

10 

10.5 

10 

9.7 

Difluarorlofl  hrooilde 

e  e  e 

12 

10.5 

8.5 

9.7 

Perfluarohntane 

OJ 

10 

10.2 

10 

9.8 

Silicon  tetrachlarlds 

e  e  e 

8 

10.1 

12.5 

9.9 

1, 2.dlchlarotetraf Inoroethona 

2h2 

6 

9.4 

12.5 

10.8 

Carhon  te'braahloride 

lOh 

8 

8.7 

12.5 

11.5 

2-ohlaro-l,  l,l.trlflBorqpropaiie 

3313 

5 

8.5 

20 

12.0 

3-ohloro-l, 1, l-trlf Inoropropane 

331A 

5 

8.2 

20 

12.2 

Chlorotr  if  luoroaw  thane 

131 

5 

8.1 

20 

12.3 

Bexaflncroe thane 

26 

6 

7.5 

16.8 

13.4 

OlohlorodlflttarcBethana 

122 

6 

6.7 

16.8 

14.9 

Cblclrofora 

103 

6 

5.7 

18.8 

17.5 

Flucrofom 

15 

3 

5.6 

33.3 

17.8 

ChlarodlflnoroDethane 

121 

k 

5.6 

25 

17.9 

Ootaflnoaroe/olohatane 

i*8{o) 

8 

5.5 

12.5 

18.1 

Sulfnr  hexaflnorlde 

•  e  e 

6 

4.9 

16.8 

20.5 

BooroD  triflnorlde 

e  e  e 

3 

5.0 

33 

20.5 

Phoophonia  'tarlchlarlde 

•  ee 

6 

4.5 

16.7 

22.5 

Bfdrogen  chloride 

e  e  e 

2 

3.9 

50 

25.5 

Carhon  teteaflncrlde 

Ih 

k 

3.8 

25 

26 

33<^ 
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Althou£^  at  praaent  no  definite  explanation  oan  be  made 
of  the  theoretloal  aignlfloanoe  of  the  atcoalo  realatlYitiea,  Table 
m  off era  a  poaalble  lead  for  further  oorrelatlon  of  the  flame 
extlngolahing  prqpertiea  of  the  yariona  halogena  vhen  additional 
baalo  phyalcal  data  are  ayallable. 

The  apeolflo  realatlyltlea  ahown  in  Table  Z7I  Indicate 
that  there  la  no  practical  adyantage  In  Iodine  oyer  bromine,  on  the 
direct  weight  baals  aa  a  component  of  a  fire  extlagalahing  agent. 

Table  X7I.  Phyalcal  Characteristics  of  Halogens 


Characteristic 

Fluorine 

Chlorine 

Bromine 

Iodine 

Atomic  weight 

19 

55.5 

80 

127 

Atomic  reslstlylty 

1 

2 

10 

16 

Specific  reslstlylty 

0.059® 

0.057® 

0.125® 

0.126® 

Atomic  number 

9 

17 

55 

55 

Atomic  number  ratio 

1^ 

1.9^ 

1° 

1.5° 

Electrons  In  shells 

2,7 

2,8,7 

2,8,18,7 

2,8,18,18,’ 

Boll  point  liquid (K) 

86^ 

239d 

552^ 

456^ 

Liquid  density  at  B.P. 
(gm-cm“5) 

1.11^ 

1.557^ 

2.96*^ 

4.0^ 

2 

(Liquid  density  at  B.P.) 
(gm2-cm“^) 

1.21 

2.42 

8.9 

16 

(a)  Speolflo  realatlTlty  = 

atnic  weight 

(b)  Eatlo  based  on  atomic  nimbor  of  fluorine 

(c)  Eatlo  based  on  atomic  number  of  bromine 

(d)  International  Critical  Tables,  IfcOraw  Hill  (1926) 

l6.  Effects  of  Application  Eate,  Molecular  Weight,  and  Tempera¬ 
ture  on  Extlngniahment .  While  the  practical  fire  teats  in  general 
confirmed  the  results  obtained  in  the  laboratory,  certain  differences 
appeared  to  result  from  the  rate  of  application  and  the  molecular 
weight  (yapor  density)  of  the  agent. 

The  discharge  rate  is,  at  a  glyen  application  pressure,  a 
function  both  of  the  relatiye  yolatility  and  of  the  molecular  weight. 
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It  Mjaa  noted  that  the  effeotlTenase  of  both  nethjl  lawlde  and 
dlluKSUidlfliaraBethana  Inoreaaed  vith  a  redaotlon  of  oharga  jreaavre 
frcn  800  to  ^00  palg.  This  effect  Is  alml lar  to  that  noted  in  the 
oonparlaon  of  the  CItII  Aeronantloa  Anthocrltj  data  vlth  thoae  of  the 
7SF  (Appendix  Sxhlhlt  !)<,  These  testa  and  the  eralnatlon  of 
Tarloas  orlfloe  sizes  vlth  dlhramodlfluaranethane  (see  Appendix  S, 
Sxhlhlt  9)  svggeata  that  the  optlmafi  appUcatloao.  rate  for  a  given 
t^pe  of  fire  Tariea  vlth  the  partloiUar  agent.  AIso^  dlhronodl- 
flvoroeethane  vaa  nost  effeotlve  on  the  Class  B  2- foot  tah  flx^r 
vhereas  hr(XBotrlfliio3roimethana  vas  noat  effective  on  the  Glass  C 
fire.  This  suggests  that  the  c^tlmonL  application  rate  naj  also 
vary  frcm  one  type  of  fire  to  another. 

Since  the  hroBioflaorooarhans  used  vere  prodaced  on  a 
lahoratory  scals^  there  vas  not  a  sufficient  fuantlty  avallahle 
for  the  extensive  program  required  for  a  ccnpreheaslve  study  of 
the  opthnam  discharge  rate  for  the  finally  selected  agent.  This 
study  vlll  he  conducted  as  soon  as  the  agent  hecomes  avallahle  on 
a  comnerclal  basis.  Vlth  respect  to  the  Influence  of  moleoular 
veight  on  the  perfomance  of  an  agent  in  actual  fire  tests^  it  la 
possible  to  propose  tvo  hypotheses:  (1)  a  compound  of  molecular 
veight  several  times  that  of  air  should  persist  In  the  area  of 
application  longer  than  vould  a  oanpound  of  essentially  the  same 
density  as  air  (such  as  C02)t  tending  to  prevent  flashbacloa; 

(2)  a  less  dense  ooBqsouad  vlll  be  able  to  displace  more  air  from 
a  burning  surface  per  unit  veight  applied,  and  it  vlll  diffuse 
more  rapidly  Into  the  flame  front.  Bovever,  It  appears  from  the 
limited  tests  that  moleoular  vel^t  of  the  halogenated  agents  is  of 
less  Importanoe  than  the  rate  of  application. 

The  Cold  Chaoiber  tests  Indicate  that  the  application  of 
dlbromodlfluoramethane  either  as  a  mist  or  as  a  stral^t  stream 
from  containers  pressurized  vlth  nitrogen  Is  both  effective  and 
practical.  They  also  indicate  that  the  relative  effectiveness  of  _ 
the  agents  applied  as  a  mist  vas  as  predicted  by  laboratory  studiea  , 
except  that  bromotrlfluoromsthane,  vhich  is  a  gas  at  -65  F,  is  more 
effective  than  dlbromodlfluoramethane 

A  cooparlson  of  methods  of  application  under  lov  teopera- 
tore  conditions  (mist  vs  strai^t  stream)  and  the  relative  effect¬ 
iveness  of  the  agents  applied  as  straight  streams  Is  not  possible 
on  the  basis  of  the  limited  data  obtained  (only  h  tests  of  stralf^t 
stream  application  vere  made).  It  should  be  noted,  bovever,  that 
the  mist  application  caused  only  a  slight  fuel  dilution,  vhereas 
In  the  straight  stream  application  the  burning  fuel  vas  diluted 
critically,  thus  effecting  extinguishment  (see  Appendix  B,  Exhibit  ICj). 

HI  Less  dibromotetrafluorOTethane  than  dibramodlfluoraaethane  (by 
veight)  was  used  In  the  extinguishments  effected,  but  the  former 
failed  In  7  out  of  10  atteo^tts. 
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17. 
tlaa  to 


loal  and  Oiaaldal  Charaoteorlstlee 
lalilxig  iitm  «xi 


_ of  Afl8H.ta«  ^  addl* 

estatllflliLng  tHo  oxttngilaTaBmi  charaoteylaMM  of  tlie  racrl- 
oixr  aeamta  wader  tast^  It  vaa  alao  neoaaaary  to  detezuioa  their 
toxlcll^,  their  oorroBlreziaas^  and  their  eleotrloal  condnotlTlt^. 


a.  Tooclolty.  The  tozicltj  data  on  the  pTrolTzed  rapors 
of  ohloroIxraBcnetSlhidaa^  dlhroouidlflaoraBethane^  and  1,2-dibrGnotetrai- 
flaoroethane  oannot  he  aaed  to  deoKinatrate  that  any  one  of  these  oon- 
pounda  le  aoa*e  or  less  toxic  t>mn  the  other^  hat  It  does  Indloate 
that  the  three  agents  hare  toxlcltles  of  the  saae  order  of  nagnltade. 
([n  the  relatlye  Talaes  of  toxloltles  reported  hy  the  appraxlaate 
nethod^  significant  differences  are  Indicated  only  when  the  toxic 
ooncentratlan  differ  hy  factors  of  2  or  more.)  The  relatlre  toxlcl- 
ties  indicated  hy  the  series  of  1^-ainate  exposares  to  the  natural 
Tapors  of  the  agents  are  essentially  the  sane  as  those  that  aoald 
he  indicated  hy  a  aeries  of  or  10»mlnate  exposares  to  the  saae 
agents.  This  is  true  hecaase  the  nechanisms  of  toxicity  are  the 
sane  for  exposure  periods  ranging  approximately  from  ^  minutes  to 
1  hoar. 


The  pyrolysis  teat  used  was  selected  to  glre  an 
expedient  indication  of  toxic  products  irhloh  might  he  formed  vhen 
applying  the  yarious  agents  to  a  fire.  Since  the  yapora  ware 
pyrolyzed  in  a  completely  oxidizing  atmosphere  the  test  may  he 
more  seyere  than  the  conditions  expected  in  most  small  fires.  In 
the  final  eyaluatlon  projected  for  hramotrlfluoramethane  and  dl- 
hromodlfluoromethane  the  toxic  effect  of  the  agents  vhen  applied 
to  actual  fires  vlll  he  determined. 

The  most  striking  anomally  noted  in  the  data  col¬ 
lected  hy  the  Cheaad.cal  Center  is  the  great  reduction  in  the  toxicity 
of  the  methyl  hromlde  yapors  vhen  pyrolyzed.  This  has  heen  explain¬ 
ed  as  resulting  frcu  the  conyerslon  of  the  methyl  hromlde  to  carhon 
dioxide  and  hydrogen  hromlde^  hoth  of  vhlch  are  conslderahly  less 
toxic  than  the  original  methyl  hromlde. 

In  the  screening  data  It  vas  shown  that  either 
hromotrlfluoromethane  or  dlhromodifluoromethane  vlll  meet  the 
military  requirements  concerning  toxicity.  The  greater  toxieity 
of  the  pyrolysis  products  of  dlhromodifluoromethane  oyer  those  of 
methyl  hromlde  is  not  a  critical  factor  because  in  actual  fires 
the  toxicity  of  carhon  monoxide  and  other  camhustlon  products  vlll 
in  most  oases  he  greater  than  that  of  the  pTrolysls  products  of 
the  agent.  Eoveyer^  distinct  adyantage  Is  seen  in  hromotrlfluoro- 
methane  oyer  dihromodlfluoromethane  insofar  as  natural  yapocr  and 
pyrolyzed  yapocr  toxloltles  are  oonoemed. 

It  is  seen  that  the  more  oonqiletely  fluorinated 
the  halocarhon^  the  lover  is  its  toxicity,  as  a  general  rule. 
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1).  Cotrroalon.  As  a  class  of  MBQposnds,  the  flsarocarl>aDS 
vara  the  laast  oarroslra  (most  staMa)  of  the  ooaqMnmds  luTeatlgatsd 
and  the  aonohaloallcanaa  the  most  ooorroslTe  (least  staibla),  vhlle  the 
halohT’drooarlxxns  coatalnlng  halogen  atone  on  adjaoent  oarhon  atone 
vere  less  stable  than  those  containing  halogen  atona  in  the  1-3  posi¬ 
tion.  This  is  illustrated  by  the  fact  that  2-hrono-l^l^l-trlflBaro- 
propane  vas  less  stable  than  3-bro(BO-l^l,l-trlfliiaropropane.  This 
type  of  instability  is  to  be  ejQiected^  since  dehalogenation^  one  of 
the  azpected  reactions  between  a  metal  and  a  halohydrooarbonj  occurs 
more  readlly^  when  the  halogen  atoEos  are  on  adjacent  carbon  atons 
than  when  there  is  a  carbon  atom  between  the  two  carbon  atons  hold¬ 
ing  the  halogen  atons. 

That  the  halogen  ccoQfounds  prorred  to  be  less  oorro- 
sIts  to  the  metals  at  200  F  than  at  392  F  was  also  to  be  expected^ 
slnce^  in  general^  the  rate  of  a  resustlon  doubles  ecuih  time  the 
tenperature  is  Increased  by  l8  degrees  F.  Specifically,  for  brcno- 
trlflttorone thane  no  measurable  ccarrosive  action  was  noted  at  392  F, 
and  it  seems  probable  that  any  ccmipoixnd  shown  to  be  reasonable 
non-corrosiTe  at  592  F  or  200  F  will  meet  the  requirements  for  a 
fire  extinguishing  fluid. 

Since  there  hare  been  no  unexpected  deriatlons  in 
the  stability  of  the  halogen-cautalning  can^ounds,  this  phase  of 
the  work  was  tenqporarily  dlscontlnned.  At  present  further  ccrrof 
Sion  teats  are  underway  with  bronjotrlfluoromethane  and  dibromo- 
dlfluorome thane . 

c.  Electrical  ConductiYlty.  Certain  fluorocarbons 
haye  been  found  to  be  non-conductors  of  electricity.  Althou^ 
it  is  belieyed  that  the  bromofluorocarbonB,  which  haye  essentially 
the  same  structure,  will  also  be  non-conductlye,  the  moat  effectiye 
of  these  latter  agents  are  currently  being  tested  to  determine 
their  electrical  resistlyity. 

l8.  Findings.  The  following  technical  findings  are  indicated 
hy  the  labaratory  and  engl.neering  fire  tests  of  the  agents  under 
study: 


a.  The  flame  inhibitlan  method  is  a  conyenient  means 
for  predicting  the  fire  extin^lshlng  characteristics  of  a  yaporiz- 
Ing  agent. 


b.  The  Indicated  correlation  of  flame  Inhibiting  pro¬ 
perties  of  the  agents  with  their  chemical  structures  suggests  the 
exlstance  of  a  theoretical  explanation  for  the  mechanisms  hy  which 
they  extinguish  fires. 
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0.  The  halooarbona  and  halohjdrocarhons  of  one  or  more 
bromine  atoms  per  carbon  atom  exhibit  greater  flame  inhibiting 
effeotlYeness  on  a  velght  basis  than  do  the  corresponding  chlorides 
and  fluorides,  vhlle  the  correspoiidlng  Iodides  are  no  more  than 
equal  to  the  bromides  In  this  respect. 

d.  Binary  mixtures  of  the  agents  tested  exhibit  no 
significant  Increase  In  flame  Inhibiting  effectiveness  over  that 
of  the  IndlvldueLL  agents  concerned. 

e.  The  flame  Inhibiting  effectiveness  of  binary  mixtures 
(or  multicomponent  mixtures)  can  be  roughly  approximated  but  not 
precisely  predicted  from  the  performance  of  the  Individual  components. 

f .  The  relative  flame  Inhibiting  effectiveness  of  any  of 
the  agents  Investigated  does  not  vary  appreciably  vlth  variations  In 
the  type  of  fuel  (hydrocarbon  or  oxyhydrocarbon),  or  of  the  tempera¬ 
ture  of  the  atmosphere  In  which  the  flame  Is  propagated. 

g.  In  halocarbons  of  similar  structure  the  greater  the 
relative  number  of  fluorine  atoms  In  the  molecule,  the  less  toxic 
It  will  be. 


19*  Selection  of  an  Agent  for  Service  Test.  Both  the  labora¬ 
tory  and  the  engineering  test  data  (Including  the  reduced  temperature 
tests)  show  that  two  compounds,  bromotrifluorome thane  and  dlbromodl- 
f luoromethane ,  have  been  consistently  more  effective  than  methyl 
bromide  In  extinguishing  fires.  Of  the  two  agents  under  consideration, 
dibromodif luoromethane  was  found  to  be  the  more  effective  by  a  narrow 
margin  at  room  temperature,  all  of  the  studies  talcen  as  a  whole, 
whereas  bromotrifluorome thane  was  the  more  effective  at  -60  F. 

The  corrosive  effects  of  bromotr If luoromethane  appeeurs  to 
be  practically  negligible  for  the  common  metals.  In  tests  now  In  pro¬ 
gress  at  the  i3?DL,  or  to  be  undertaken,  the  effect  of  this  agent,  and 
of  dibromodif luoromethane,  both  on  metals  and  on  other  materials,  is 
being  determined. 

With  respect  to  the  toxicity  of  these  two  agents,  the  tests 
with  rats  show  bromotr if luoromethane  to  be  1/28  and  dibromodifluoro- 
methane  to  be  l/2  as  toxic  as  carbon  tetrachloride  (methyl  bromide 
is  5  times  as  toxic  as  carbon  tetrachloride).  The  large  relative 
difference  is  toxicity  is  taken  as  cleeu:  evidence  of  the  superiority 
of  bromotr if luoromethane  over  dibromodif luoromethane  in  this  re¬ 
spect.  The  effect  of  these  agents  on  humans  has  not  been  determin¬ 
ed,  but  the  results  on  rats  indicate  that  bromotr if luoromethane  may 
be  used  with  relative  safety  In  an  inclosed  area  such  as  the  interior 
of  a  vehicle,  tank,  or  plane.  An  approximation  of  the  safety  factors 
of  these  agents  in  relation  to  that  of  carbon  tetrachloride  or  methyl 
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l>ranilde.  If  3  pounds  (irelght  of  agent  In  ourrent  OTC  hand  extin¬ 
guishers)  vere  released  In  a  apace  having  an  Interior  toIubb  of 
200  ouhlc  feet  (appraziiaatelj  that  of  a  ocoibat  tanh)^  vould  he  as 
follows : 


Agent 

Tank  Yapor 

Cone,  (ppm) 

Relative  S^ety 
Factor° 

Bromotrifluorome  thane 

35^000 

2k 

Carbon  dioxide 

125,000 

5.3 

Blbromodifluorcmethane 

26,000 

2.1 

Carbon  tetrachloride 

30,000 

1.0 

Methyl  bromide 

58,000 

0.1 

Such  a  range  of  safety  factors  is  interpreted  as  indicating  that 
the  effect  on  a  Vnmmn  being  of  a  13-mlnute  exposure  to  the  various 
agents,  under  the  conditions  given,  would  conceivably  range  from 
slight  or  none  for  bromotr if luoroaM thane  to  probably  lethal  for 
methyl  bromide.  Another  factor  in  toxicity,  of  course,  is  the  ef¬ 
fect  of  pyrolosis  products  that  are  themselves  toxic.  Here,  again, 
bromotrlfluoromethane  has  shown  its  superiority  over  dibromodl- 
fluoromethane  in  the  teste  thus  far  conqjJeted. 


Ho  known  practical  extinguishing  agent  is  self-expelling 
over  the  expected  range  of  storage  and  use  (-65  to  *160  F).  Both 
of  the  eigents  under  consideration  can  be  applied  from  cylinders 
pressurized  with  inert  gas,  neither  being  suitable  for  use  in  pun^) 
type  extinguishers  such  as  those  currently  used  for  carbon  tetra¬ 
chloride.  When  applied  from  a  pressurized  container  {kOO  psig  at 
70  F)  the  discharge  ranges  from  a  fine  mist  at  low  ten^eratures  to 
a  gas  at  the  upper  limit,  brcmotrifluoromethane  being  the  more 
volatile  of  the  two.  At  room  temperatures  and  below,  dibromodi- 
fluorome thane  can  also  be  applied  as  a  solid  stream,  using  a  lower 
discharging  pressure  (under  200  psig  at  70  F).  However,  neither 
agent  solidifies  on  discharge  at  -65  F,  as  will  carbon  dioxide. 

These  agents  require  the  same  production  facilities  as 
the  fluorinated  refrigerants  (freon),  and  for  this  reason  their 
cost  will  be  conq)arable.  For  this  same  reason,  neither  agent 
possesses  an  appreciable  Inherent  advantage  over  others  with  re¬ 
spect  to  cost.  Although  their  cost  will  be  considerably  higher 
than  that  of  agents  now  in  use  (carbon  tetrachloride  is  currently 
quoted  at  8^  per  lb),  it  should  be  noted,  that  the  more  expensive 


9.  Relative  safety  factor  » 


Tank  vapor  ccmoentration  (ppm) 
Approximate  lethal  concentration  (ppm) 


Ho 


flvorinated  refrigerants  vere  accepted  In  place  of  tliose  preTionslj 
used  teoanBe  of  tbeir  lov  toxleltj.  A  slallaar  preference  is  antici¬ 
pated  for  trcnotriflvaroButhane. 

The  ooi^lianae  of  the  selected  agents  to  the  military 
characteristics  is  shown  in  Table  X7I1.  It  is  noted  that  both  bromo- 
trlfluoroDiethane  and  dibromodifluoronathane  oonQ>ly  vith  the  military 
charaoterlstlcs^  vhlch  are  scmevhat  ganex«l  in  nature.  For  this 
reason,  the  gOYemlng  factor  In  the  final  saleotlon  of  one  of  these 
agents  for  serrlce  test  Is  that  of  toxicity,  their  fire  fighting 
effeotiTenesa  and  other  charaoterlstica  being  apprcxlmately  egual. 

The  serrloe  teat  of  a  bromofluorooarbon  agent  has  been  ap¬ 
proved  by  the  CSTC^^,  and  bromotrifluoraiBe  thane  haa  been  a  elected  as 
the  specific  agent  to  be  thus  tested,  with  delivery  for  this  pur¬ 
pose  anticipated  for  the  spring  19^1. 

20.  Future  Vork.  While  the  service  tests  of  bromotrlfluaro- 
me thane  are  In  progress,  vork  vlll  continue  on  the  follovlng  phases 
of  the  present  investigation: 

a.  Conflation  of  toxicity  investigations.  (More  com¬ 
prehensive  toxologlcal  data  vill  be  required  before  clearance  of 
the  nev  agent  can  be  obtained  from  the  Surgeon  General.) 

b.  Confletlon  of  corrosion  and  mechanism  and  pyrolysis 
product  studies,  and  development  of  theoretlceO.  correlations. 

c.  Completion  of  the  design  for  the  nev  extinguisher. 
(Preliminary  requirements  have  been  set  up,  and  tvo  contracts  have 
been  negotiated  vith  Industry  to  produce  expendable  extinguisher 
units  for  use  in  service  testing  the  agent.) 

d.  Engineering  testing  and  studying  of  horn  and  extin¬ 
guisher  orifice  design  to  provide  optimum  perfamance  of  the  nev 
agent  in  the  nev  extinguisher.  (This  study  is  projected  for  execu¬ 
tion  as  soon  as  the  ixev  agent  is  available  in  larger  quantities.) 


17.  COSCLCSIQKS 

21.  Conclusions.  It  is  concluded  that: 

a.  Of  all  the  agents  tested,  bromotr if luorome thane  best 
suits  the  actual  military  requirements  for  a  fire  extinguishing 
agent,  and  is  superior  to  methyl  bromide  and  carbon  tetrachloride. 


10^^  CETC  Meeting  205,  Item  1063,  l6  November  19H9. 
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ira  la  a  raquixaMnt  for  a  f  ira  axU 
agant  equal  to  or  siqierlor  to  Mthsrl  bronide  in  Ita  effaetlwnaaa  in  the 
axtingulahoent  of  flraa,  and  no  more  toxic  than  carbon  tetradilorida.  Tbia 
daTBlopment  may  result  in  an  Item  of  material  that  possesses  such  narked 
superiority  over  existing  items  that  complete  replacement  mill  be  justified. 
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RBFERSNCSSt 

(1)  Report  of  Rmlioinary  Tests  of  "CB!*  Fire  Extinguishing  Agent  by 
Engineer  Research  and  Development  labaratorles  14  August  1946. 
OBJECTIVE: 

(1)  Developnent  of  an  improved,  self-contained  fire  extinguishing  agent 
to  replace  existing  agents  used  in  conibating  flammable  liquid  and 
electrical  fires. 

c.  MILITARY  CHARACTERISTICS} 

(1)  The  agent  shall  be  suitable  for  use  in  combating  Class  *6"  and  *€* 
fires. 

It  shall  not  be  more  toxic  than  carbon  tetrachloride. 

It  shall  be  suitable  for  use  at  temperatures  from  120  degrees  F  to  at 
least  minus  50  degrees  F,  and  as  near  to  minus  70  degrees  F  as  possible 
It  shall  not  deteriorate  id»n  transported,  or  idien  stored  for  periods 
of  time  up  to  five  years,  under  any  climatic  conditions. 

It  m^  be  produced  in  quantity  mithin  reasonable  cost  limits,  and 
with  existing  production  facilities. 

Its  corrosive  effects  shall  not  be  greater  than  that  of  standard  carbcnj 
tetrachloride  fire  extinguisher  fluid. 

It  shall  be  a  non-conductor  of  electricity. 

d.  DISCUSSION  t 

(1)  Frellminaxy  studies  of  fire  extinguisher  media  have  Included  a  stucfy 
of  a  new  agent  captured  in  (Germany  which  appears  to  have  desirable 
characteristics  as  a  fire  extinguishing  agent.  This  agent  has  a 
chemical  nomenclature  of  "monochloramonobroBtoBethane*  which,  for 
simplicity,  is  being  called  .’’CB”.  A  limited  quantity  has  been  pro- 
_ duced  .and  tested.  2i®_£®22^^..°£_Sj®£®JSEgi2s3S2ffl.,te2i2.i22Si 
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(3) 

(4) 
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(6) 
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DlSCIBSKl)  (Contlnusd)  t 

(1)  proved  encovraglng. 

(2)  The  agencies  interested  in  this  project  in  addition  to  the  Corps  of 
Engineers  are  the  Amor  Grouid  Forces,  Air  Force,  and  the  Navy. 

FROJBCT  FLANt 

(1)  Funds  will  be  provided  to  a  qualified  research  agency  to  search  the 
chemical  ccnqpound  field  for  an  agent  equal  or  siqperior  to  nethgrl  bramlde 
in  its  effectiveness  in  extinguishing  fires,  and  ehich  is  no  more  toxic 
than  carbon  tetrachlorids .  Any  agents  ehidi  laboratory  tests  indicate 
are  worthy  of  trial  will  be  procured  for  thorrugh  testing  by  the  Engineer 
Research  and  Development  laboratories  or  other  qualified  agenqr.  If 
necessary,  an  extinguisher  for  applying  the  agent  will  be  developed. 

(2)  The  Pardue  Research  Foundation  is  to  w^ore  the  Flourlne  field  to  deter¬ 
mine  the  suitability  of  oven  flourine  compounds  as  fire  extinguishing 
agents . 
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To  emowrat^  the  haXooarlxjos  and  halohTdrocarbans  under  studjr 
In  Projeot  8-76^-003  >  the  fo^JLorii^  nnoenolatare  has  heen  denrlsed. 

To  designate  a  saturated  halocarhon  a  series  of  digits 
are  used,  the  first  corresponding  to  the  nuaiber  of  oarhon  atoBS, 
the  seoo^  to  the  nuaiber  of  fluorine  atons^  the  third  to  the  nuaiber 
of  chlorine  atooB,  the  fourth  to  the  nunbar  of  hroodne  atons,  and 
the  fifth  to  the  nuaiber  of  iodine  atone  in  the  halooarbon  or 
halfihjrdrooarbOR  aioleoule,  HTdrogen  is  not  designated,  and  the  final 
zsice  of  digits  are  not  vritten.  A  oyolio  oongpound  is  suffixed  by 
(c),  or  by  the  foUovlng  designations  of  an  aliphatic  group  idiioh 
is  coupled  to  the  ring: 

methyl  (M) 
ethyl  (1) 

1,2  dlaethyl  (2M) 

1,2,3  trlBBthyl  (2,^) 

1,4  diethyl  etc  (4b)  etc 

Isomers  are  designated  by  suffixes  A,B,C,  etc.,  and  if  symetrloal 
are  lorltteQ  vlthout  suffix.  Bon-symetrLcal  ccanpounds  are  designated 
by  the  letters  A,B,C,  etc,,  corresponding  to  the  locatloa  of  the  odd 
h^pgen  atoms.  Ibus,  the  compound 

F  F  P  F 
i  I  I  i 

F^-C-C-C  -  Cl 
till 
F  F  F  F 

is  designatsd  halm  4^,  and  the  ooappund 

F  F  F  F 
I  I  I  I 

F^^^-C  -  F 
lilt 
F  CIF  F 

is  designated  halon  491B. 

In  the  eyent  that  the  number  of  any  type  of  halogen  atom 
in  the  oonQtound  exceeds  nine,  letters  are  used  in  place  of  numerals, 
niua,  if  thirteen  fluorine  atams  are  present,  the  letter  M  is  used 
to  designate  the  nuxnber  of  fluorine  atoms. 
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1,  nature  of  Tlane,  There  are  several  nays  of  explaining 
fleas  propagation.  One  oonoept  propoees  free  radjoal  chain  reac¬ 
tions,  vhioh,  in  the  oaee  of  hydrogen  horning  in  oxygen,  is 
explained  as  foUowat^ 

[a]  &?!  +p0 

Hg  +  lp^-^HaO  +BQ 
%  +  lP]-.-i:ci|  +  [S] 

In  this  aechanism  the  free  zadicals  nay  he  said  to  fora  at  elevated 
teoapexatures,  and  the  rEidloals  diffhsing  ahead  of  the  flaae  initiate 
the  reactlan  in  the  unhumed  portion  of  the  gas.  iknothar  oonoept 
proposes  that  energy  liberated  in  oomibustion  is  radiated  to  adjaoent 
unhnmed  noleonlM,  thus  tmexgizing  then  snffloiently  so  that  they 
undergo  oonibuatlan. 

In  either  case  free  radicals  nay  provide  the  xoaotion 
nschanisn.  The  difference  hetween  the  two  oonoepts  is  in  the  nanaaer 
in  idilch  energy  is  -transferred  from  the  reacting  to  the  nonreaotlng 
zone.  .This  energy  is  necessary  to  initiate  or  sus-taln  ocnibustlon. 
hydrogen  and  oxygen  nay  he  mixed  at  room  -benpera-ture  -yithoat  reacblon, 
hut  the  applicatlcm  of  a  sparh  or  flene  yiU  inl-blate  a  reaction 
-that  -ylU  propagate  Itself  to  completion.  In  mixtureB  of  hydrogen 
and  chlorine,  light  energy  only  is  needed  to  Inl-bls-te  the  reaction. 

It  must  he  noted  -that  in  order  for  the  reactions  to  sus-tain  -Ihem- 
sleves,  each  molecule  mist  he  actlva-ted  -with  sufficient  energy  to 
react.  Ihe  resulting  net  enorgy  cheuoge  (q.)  is  expressed  hy  the 
equa-tion 


Trtiere 


^  ^  -  ®1  ^ 

*  acbl-vation  energy,  and 
Eg  *  energy  llhera-ted  in  reaction. 


When  q  is  posi-bl-ve,  as  shown,  -the  reaction  is  exothemic,  as  is  the 
case  of  a  combus-blon  reao-tlon. 


B.  Lewis  and  G,  Ton  Elbe  Conj^-tion,  Elams  and  ECTlosioDB  ef 
Gcuaes.  (Cambrldgec  Cambridge  thiveiwliy  ^Tess,  l95o)  • 
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2.  IfeohapjLam  of  Bctlagulahiagnt*  If  oxTBen  dllu-tlcn  the 
only  factorV  ge^efi  irDtaa  he  essentially  eqniTalent  in  their 
effect^  Tolune  far  yolume.  Benoe,  a  fire  ertingnishing  agent  imiet 
pc^itirely  deter  flame  propagation^  as  yell  as  effect  cxysen  dilu¬ 
tion  in  the  €d.r.  It  folloiTB  that  a  fire  extinguishing  agent  may 
(l)  block  the  free  radical  chain  hy  reaction,  or  hy  ahsctrhing  radi¬ 
cal  energy}  (2)  it  may  ahsorh  energy  directly  in  the  flame  zone, 
reducing  the  energy  level  heloy  the  activation  energy  for  the  com¬ 
bustion  reaction;  or  (3)  it  may  form  metastable  compounds  or  com¬ 
plexes  vith  free  radicals,  thus  preventing  their  diffusion  to  un- 
bumed  gases. 

Evidence  indicates  that  the  effectiveness  of  the  halocar- 
bon  agent  varies  ylth  the  type  of  halogen  present,  as  indicated  in 
the  body  of  this  report,  so  that  in  this  case  the  blocking  or 
energy  absorbing  property  appears  to  be  a  function  of  the  halogen 
group. 


3.  Additional  Properties  of  Agents  used  in  Eire  Extinguishing. 
On  further  consideration  of  activatiOT  energies,  it  Is  seen  ^iiat  ai^ 
comgpound,  or  even  atcans,  may  be  decomposed  if  sufficient  energy  is 
expended.  The  initial  energy  necessary  is  the  activation  energy 
for  the  particular  reaction.  Thus  a  fire  extinguishing  agent  may  be 
deconposed,  no  matter  how  stable  it  may  be.  The  cariterlon  of  this 
type  of  reaction  is  the  magnitude  of  the  activation  energy.^  High 


^  In  this  investigation,  an  agent  idiich  performs  satisfactorily  in 
Class  B  and  C  fires  is  sought,  and  it  is  not  expected  that  such  an 
agent  will  be  satisfactory,  for  Instance,  against  magnesium  fires, 
Tdiere  the  energy  level  is  extremely  hl^,  and  an  exothermic  reaction 
is  possible  between  the  magnesium  eaad.  the  halogen  of  the  halocarbon. 
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aotlTatlqn  t9Q0rg7  Indloatea  difficulty  In  Initiating  tbe  rcaotlon^ 
and  a  slov  rata  of  reaction  (iVrrhenlus  equation) . 

Tbus^  the  deoanqpoeltlon  actlTatlon  energy  for  the  agent 
mat  he  aufflcient  to  aaaure  that  decooipoaltlon  la  at  a  odnlmua 
uhlle  the  agmt  la  expoaed  to  the  flaae^  and  that  there  la  no 
poaalhlllty  of  the  agent  reacting  directly  vith  oooiblned  carhon  or 
hydrogen  co^ponenta  of  Claaa  B  and  C  flrea  ulth  the  Uheratlon  of 
heat. 


Pluorooarhona  are  quite  atahle  and  require  fairly  high 
tenqperaturea  before  deconpoeltlcn,  tenperaturea  in  the  order  of 
TOO  to  900  C  being  required  bef^  significant  deamge  of  poly¬ 
carbon  atom  conpouxids  la  noted.^ 


B.  T.  Brice,  W.  H.  Pearlson,  and  J.  H.  Slmac^,  ”Iluorocarbcin 
Chemistry:  CleaTage  of  Carbon — Carbon  Bonds  by  Chlorine  and 
Bromine,"  Journal  of  the  American  Chemical  Society,  Jl  (19*^9) 
pp.  2499-2501. 
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A&  appeoratns  similar  In  daslgs  to  that  dasccrihed  hy  Jodos 
aiid  Ginilaod^  nas  ooimtracted  for  use  in  datscrmlniag  tha  flamaatla 
areas  for  mlxttires  of  air^  n-jseptane  and  halogen,  ooeq^ounds.  Ibis 
apparattts  (sm  71e^  oopslsted  of  a  ooednsstion  tahe  (l),  ^.1  cm 
hy  123  cm  pro)rld6d  with  sul'tahle  Inlets  fcr  introducing  6rj  air 
(8^  7,  17)^  heptane  (19>  21)  aiad  a  halogen  ooeqponnd  (20,  22).  A 
grots^  glass  oorar  plate  at  the  hottcm  of  the  tube  permitted 
operation  at  reduced  presaures  and  served  as  relief  Talre  In  case 
of  an  explosion  within  the  tube.  A  mercury  puxQ>,  consisting  of 
valyes  (5,  6,  I3)  and  mercury  reseryolrs  (4,  12),  were  provided  for 
mixing  the  gases .  The  pomp  was  actuated  hy  air  pressure  and  the 
pumping  was  controlled  hy  a  solenoid  valye  (9).  Talves  (10,  11) 
were  used  to  control  the  flowe«  A  ■yacuum  pomp  (23)  was  used  for 
evacuating  the  conibustlon  tube  prior  to  charging  It  with  the  halo* 
gen  compound  and  heptane.  The  pressure  in  the  tube  was  determined 
from  a  mancmieter  consisting  of  ameter  stock  (2)  and  a  mercury  well 
(3).  SLectrodes  (l^)  and  coll  (16)  were  used  to  provide  a  spark 
for  Ignition.  'Thirae  electrodes  weore  made  from  2^>gage  platinum 
wire  and  adjusted  to  provide  a  spark  gap  of  6  mm.  Little  variation 
In  the  flamtsahle  Halts  was  observed  with  changes  In  xressure  from 
about  200  mm  mercury  to  atmos^erlc  pressures. 


Since,,  in  general,  the  vapor  pressure  of  the  test  materials 
was  too  low  at  nornBl  room  temperature  to  permit  the  attainment  of 
mixtures  havlisg  the  desired  coo^oeltlon.  It  was  found  advantageous 
to  carry  out  the  experiments  leading  to  the  detezminatlon  of  flam¬ 
mable  areas  at  pressures  ranging  from  300  to  900  mm  of  metrcury. 

Hence,  the  combustion  tube  ws^  evacuated  and  the  desired  amount  of 
heptane  and  halogen  campoand  was  Introduced,  the  compound  with  the 
lowest  volatility  being  introduced  first.  33ry  air  was  then  intro¬ 
duced  in  sufficient  quantity  to  produce  the  required  total  pressure. 


G,  W.  Jcmes,  andW.  Gilliland,  Extinction  of  OMpllne  Plames  by 
Inert  Gases.  (TJ.S.  Bureau  of  Iflnes,  feepcr^  of^  llnyBstl^tions, 
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The  ooDQKMltlGn  of  tho  ndxture  In  the  tube  ims  oalcu^ated  fran  the 
pressure  of  eaoh  co^popent.  The  air,  heptane  and  halogen  ooBgouod 
-was  thoroughly  nixed  for  a  period  of  10  to  15  ndnutes,  the  exact 
tine  depending  upon  the  rate  of  pungdng»  Mixtures  pere  considered 
flammable  If  the  fLane  trayeled  from  the  spark  gap  to  the  top  of 
the  tube. 


Techniques  of  operation  irore  checked  by  detezuLnlng  the 
values  for  flWBnable  Units  of  nlx|«m3  of  benzene  and  air.  The 
lower  Unit  was  found  to  be  l.H  tie  1.^  and  the  upper  Unit  8.2  to 
8.8^  as  con^ered  -with  1.4  and  8.0^  prerlously  detamlned.  at  the 
Bureau  of  IflLnes  (Bulletin  270,  1^8) .  Idnlts  of  flannaldUty  for 
mixtures  of  heptane  and  air  were  de-teomlned  at  various  -botal  pres> 
sures.  Ghrea-ber  precision  was  obtali>ed  -when  the  flavaable  llaidts 
were  determined  at  greatly  reduced  pressures For  example,  for 
mixtures  con-balnlng  1  to  59^  by  rolune  of  hep-bane,  a  to-bal  pressure 
of  500  mm  of  mercury  -was  satisfactory,  but  -when  -the  heptane  com¬ 
position  was  of  -the  order  of  3  to  8^,  more  precise  results  -were 
obtained  idien  operating  at  a  total  pressuzrs  of  400  mm  of  mercury. 


Variations  In  the  determination  of  the  Uml-bs  of  fLammablUty 
are  beUeyed  to  be  due  to  the  condensation  of  small  quantities 
of  heptane  in  the  side-arm  of  the  tubes  before  mixing  -was  com¬ 
pleted.  As  consequence,  -the  composl-blon  of  the  mixture,  as  de¬ 
termined  from  the  amount  of  na-berlal  introduced,  -was  no-t  the 
true  comcposition  of  the  gaseous  mixture.  At  -the  lower  pressures, 
condensation  in  the  side-arm  Is  avoided  and  -the  canq)osition  of 
the  gaseous  mixture  is  more  accurately  obtained  from  the  quanti- 
-bles  of  BBterialfl  in-troduced,  TSie  flammable  limits  of  heptane 
and  £ilr  -were  found  to  be  1.0  to  1,2^  for  the  lower  limit  and  7.0 
to  7-3^  for  the  upper  limit. 
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Appendix  P,  JtihlMt  2 


JgHIttlT  2.  laTaarato^  Apparatus  and  I^oo^ge  far  MOL  Jlre  . 
ExtlpgulslaaBpt  lifeBta'.  A  la^K^toary  setup  (sae  fee.'  ^,  )  “waa  ^Lisyeloped 
by  ths  Mateiialfl  Branch  of  the  SSBSL,  by  means  of  vhlch  the  fire  ex¬ 
tinguishing  agent  could  be  applied  at  a  constant  rate  throu^  the 
fixed  inlets  to  the  n-heptane  fire  in  the  nater  Jacketed  con¬ 
tainer  (b)  .  The  agent  Tapors  vere  passed  throat  a  small  rotometer 

(C) ,  and  the  flov  rate  mas  controlled  by  the  pressure  reducing  valve 

(D) .  Prior  to  test,  the  agent  vapor  lines  vere  purged  with  IS2 
followed  by  the  particular  agent  under  test.  In  ths  test  procedure 
followed,  a  flow  of  cpld  water  was  maintained  in  the  container 
Jacket  (£)  to  Insure  a  ctnstant  tenq^erature,  and  ths  container  was 
filled  with  n-heptane  to  within  exactly  one  inch  of  the  fixed  inlets. 
After  the  heptane  had  been  ignited  with  a  gas  burner,  a  prebum  of 
30  seconds  was  permitted,  following  which,  the  agent  vapors  were 
admitted  to  the  test  container  at  a  predetermined  and  constant  pres¬ 
sure  (constant  flow  rate),  and  the  time  of  extinguishment  was  noted 
by  a  stop  watch.  Finally,  the  Jacketed  container,  which  was 
located  \mder  a  laboratory  hood,  was  flushed  with  fresh  air.  The 
amount  of  agent  required  could  be  calculated  from  the  time  and  rate 
of  flow,  and  various  rates  were  used  to  determine  if  this  variable 
affected  the  results  significantly.  This  method  was  adaptable  only 
to  compounds  which  are  gases  at  room  tenperature  and  pressure. 


tj>  .  I>  » 


cxmhrx^ 


r*s?^wr?!r.Ki 


a  apparatas  aas  easaa 
blllty  dateiradxiatloDSy  eocoept  that 
the  combustion  tube  naa  placed  In  an  Insulated  07linde(r  hath  that 
could  he  heated  eleotrlcalJl7  to  control  the  tube  temperature  vlthln 
1  degree  Centigrade  or  could  he  cooled  hy  dry  Ice  In  trlchlooroethy- 
lend.  Some  changes  vere  necessary  In  the  tube  (the  stopper  sanrlng 
as  a  relief  TalTe  had  to  he  placed  on  the  top  of  the  tube) .  This 
apparatus  Is  described  as  follova:^ 

As  -with  ooii7entloDal  tuhes>  n  P73rez  tube  (^1  m  CD)  by  120 
cm  long)  nas  constricted  and  an  &>3ibi  tube  vas  sealed  at  the  end  to 
lead  to  the  mixing  system.  The  edge  of  the  open  end  vas  ground 
smooth  and  flat  so  as  to  make  a  tl^t  seal  ylth  a  flat  piece  of 
rubber  vhen  the  tube  lias  evacuated.  An  d-sm  tube  leading  from  the 
mixing  system  uas  sealed  to  the  tube  throu^  a  ring-seal  near  the 
open  end.  A  spark  gap  vas  rtwAft  hy  sealing  two  platinum  electKodes 
in  the  tube  near  the  closed  end.  ISie  experiments  vare  then  per¬ 
formed  by  placing  the  tube  either  In  a  bath  of  dry  Ice  and 
trichloroethylene  for  the  -78  C  data  an  air  hath  for  room  tenpera- 
tvire  data  and  an  oil  bath  heated  by  two  heaters  (Uo.  19 

NichromB)  controlled  throu^  l8-anp  varlarcs  for  the  ♦Ll^5  C  data. 

It  vas  necessary  to  use  a  puoplng  cycle  of  30  minutes  to  Insure 
complete  homogeneity  of  the  gaseous  mixtures. 
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6  Sffaot  of  tai^oratare  on  f1.wftM.e  area  of  Inrcao-  62 

methaoa^  Top:  at  *26  0}  Bottoa:  at  -78  C. 


7  Xffeot  of  taqperatnra  on  flaonubla  area  of  earlKm  63 

tatraflaorlde,  Tcqa:  at  f26  Cj  Bottom:  at -78  C. 

8  Xffeot  of  teaqperatare  on  flaamable  area  of  ohloro-  64 

trlfliioramethane^  Top:  at  ♦26  C;  Bottom:  at  -78C. 

9  Xffeot  of  teiqperatnre  on  flammable  area  of  brcmo-  63 

trlflooramethaDe^  Top:  at  ^26  C;  Bottom:  at  >78  C* 

10  Xffeot  of  toBQieratare  on  flammable  area  of  snlfur  66 

bezaflnarlde^  Top:  at  426  C,  Bottom:  at  -78  C. 


BROAMMCrHANC,  KRCCNT  BY  V0UA4E 


Fig.  6.  Effect  of  teo^erature  on  flammable  area  of  bromomethane 
Ton;  at  +26  C;  Bottom:  at  -78  C. 


ISOBUrAN£,  KRCCNT  BY  VOLUME  ISOBUTANE,  PERCENT  BY 


I^QBUTANC,  PERCENT  BT  iTOLUMC  ISOBUTANE,  PERCENT  BT  VOLUME 
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oE4oa  to  ai4 

CHLOROTRirmOROMETHANE,  VOLUME  PERCENT 


Fig*  8.  Effdct  of  teiaperature  on  flamnaUe  area  of  chlorotrl- 
fluoromethane.  Top:  at  +26  C;  Bottom:  at  -78  C. 


ISOBUTANE  ,  PERCENT  BY  \R)LUME 


BROMOTPIPLUOROMETHANE,  HRCENT  BY  VOLW^. 


BROMOTP/PLUOROMETTIANE ,  PERCENT  BY  YOLUME 


Fig.  9*  Effect  of  temperature  on  flammable  area  of  bromotrl 
fluorome thane.  Top:  at  —26  C;  Bottom:  at  -78  C. 
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Appepdlx  D,  gghlMt  ^ 


HCHi^TT  5.  AppajatiuB  and  Procedures  fcxr  OorroBlon  Testa  at 
!^ollahM  aad  velghisd  stripe  of*  agtal  and  20  ml  of  tite  WLLogep 
cGonpouxid  wre  sealed  In  ampoules  (Carl us  tu1>es).  The  ■weight  of  the 
samples  Tarled  from  1.2  to  3.5  gf  depending  on  -the  tjpe  of  metal. 

The  tubes  -were  Inserted  In  Iron  ^pes  -which,  in  turn,  vere  placed 
In  an  oren  heated  at  392  F.  After  30  days,  the  tubes  vere  allowed 
to  cool  to  room  temperature  and  -then  opened.  The  physical  appear¬ 
ance  of  each  strip  was  noted  and  the  liquid  contents  were  stored  In 
vials  for  future  studies.  After  removing  coatings  from  the  strips 
•which  had  corroded,  the  s-tarips  were  rewelghed  and  changes  In  weight 
compared  with  the  original  -Talue  were  recorded.  This  study  "was 
initiated  to  show  the  stability  of  halogen  compoundfl  to  alusnlnum, 
copper  and  Iron,  common  materials  of  constructlcn.  Af-fcer  this 
study  -was  initiated  it  -was  requested  that  brass  strips  be  substi¬ 
tuted  for  copper  strips. 

Compounds  showing  marked  instability  to  the  me-tals  at  392  F, 
■were  hea-fced  In  contact  -with  -the  same  metals  at  200  F,  In  addition, 
experiments  -were  coOdUQ^^  in  which  the  halogen-con'tainlng  com¬ 
pounds  -were  heated  in  con-fcact  with  magnesium  ribbon  at  200  F. 


^  Purdue  Eesearch  Foundation,  Summary  Beport  on  Fire  EKtinguishing 
Agents  for  the  Period  September  1,  1.9i4-7  to  August  31,  1^8,  n.dT 
P  13. 
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Appendix  D,  ICrhl'bit  6 
IBXhIiUT  6  Corrosion  Data  Obtained  "hj  ERF 


Table  XVili.  CcErrosire  Action  at  fieflux  Teog^rature, 
under  Aqueous  Conditions  for  100  ^urs 


Vel^t  of  ifetals  (g)  Ctaange  In'  kelight 
Compound  Oraglnal.'  ^nal  *~"g  % 


Carbon  Tetrachloride 


Copper 

1.8449 

1.7271 

^.U78 

-  7 

Aluminum 

1.2891 

0.0000 

-1.2891 

-100 

Iron 

3.4522 

2.4549 

-0.9973 

-  29 

Carbon  Tetrachloride 
(vith  inhibitor) 

Copper 

1.8289 

1.7306 

-0.0983 

-  5 

Aliuninum 

1.2921 

0.0000 

-1.2921 

-100 

Iron 

3.2768 

2.1348 

-1.1420 

-  32 

Bromoohlorome thane 

Copper 

1.7705 

1.7652 

-0.0053 

nil 

Aliunlnum 

1.3454 

0.0000 

-1.3454 

-100 

Iron 

3.4169 

2.8851 

-0.5308 

-  16 
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Tal)le  XIX.  Corroalya  Action  at  39^  7  (SOO  C)  tor  30  liaja 


Wal^t  of  Matala  (g)  C: 
Compound _ Original  rinal  ~  g 


it 

SI 


Appearance 


Carton  Tetrachloride 
(vlth  Inhibitor) 


Copper 

1.8297 

0.0000 

-1.8297 

-100 

Completely 

corroded 

Aluminum 

1.1894 

0.0000 

-1.1894 

-100 

Ccoqpletely 

corroded 

Iron 

3.0947 

0.0000 

-3.0947 

-100 

Cong^etely 

corroded 

Carbon  Tetrachloride 
(vlthout  Inhibitor) 

Copper 

1.7005 

0.0000 

-1.7005 

-100 

Con^letely 

corroded 

Aluminum 

1.4000 

1.3567 

-0.0433 

-3 

Cbray  coating 

Iron 

2.8319 

2.7562 

-0.0757 

-3 

Black  coating 

Dlchloromethane 

Copper 

1.7005 

0.0000 

-1.7005 

-100 

Black,  com¬ 
pletely  cor¬ 
roded 

Aluminum 

1.4190 

1.3393 

-0.0797 

-6 

Black  coating 

Iron 

3.1027 

3.0785 

-0.0242 

-8 

Black  coating 

Brcmoohlorome  thane 

Copper 

1.8078 

0.0000 

-1.8078 

-100 

Completely 

corroded 

Aluminum 

1.1758 

0.6501 

-0.5257 

-45 

Corroded 

Iron 

2.7196 

2.7351 

1-0.0156 

tl 

Bed  coating 

Dlbromomethane 

Copper 

1.7856 

0.0000 

-1.7856 

-100 

Conipletely 

corroded 

Aluminum 

1.1824 

0.7041 

-0.4783 

-40 

Corroded 

Iron 

3.2240 

3.1121 

-0.1119 

-34 

Bed  coating 

1,1,2 -Trlchlorotr 1 - 
fluoroethans 

Copper 

1.8443 

0,9085 

-0.9358 

-51 

Gray  coating 

Aluminum 

1.1920 

1.1920 

0.0000 

0 

Slight  dis¬ 
coloration 

Iron 

3.0530 

3.0530 

0.0000 

0 

Slight  dis¬ 
coloration 

1 -Bromo -2 -chloro - 
ethane 

Copper 

1.7457 

0.7730 

-0.9727 

-60 

Black  coating 

Aluminum 

1.4380 

1.3188 

-0.1192 

-8 

Black  coating 

Iron 

3.2271 

3.1982 

-0. 0289 

-1 

Black  coating 

Talkie  xn  (Continued) 


7l‘ 


Welg^  of  clttMgB  in  Wel^t 

_ Congo  jud _  (friglnal  yinax  e  f  Appoaranoe 

1>2-Di'hroaot«tra- 

fluoroethane 


Copp*)^ 

1.7443 

1.5442 

-0.2001 

-u 

Cbray  coating 

Alumliium 

1.44^ 

0.0000 

-1.44b5 

-100 

arv>  COB- 
pletely  cor¬ 
roded 

Iron 

2.9060 

2.9043 

-0.0037 

nil 

Black  coatlqg 

3 -Bromo -1 , 1 , 1  “trl - 
fluoropropans 

Copper 

1.7581 

1.6965 

-0.0616 

-3 

Gray  coating 

Aluminum 

1.2280 

1.2280 

0.0000 

0 

Bo  discolor¬ 
ation 

Iron 

3-1935 

3.1841 

-0.0094 

nil 

Bo  discolor¬ 
ation 

2 -Bromo -1 , 1 , 1 -tr  1 - 
fluoropropane 

Copper 

1.6717 

1.5705 

-0.1012 

-6 

Black  coating 

Aluminum 

1.3970 

0.0000 

-1.3970 

0 

Completely 

corroded 

Iron 

3.2663 

3.2510 

-0.0153 

nil 

Black  coating 

Ferfluoroheptane 

Copper 

1.6055 

1.6055 

0.0000 

0 

Ho  change 

Aluminum 

1.4428 

1.4601 

♦0.0173 

0 

Slight  tarnish 

Iron 

2.7258 

2.7258 

0.0000 

0 

Bo  change 

Per fluoroethyl - 
cyclohexane 

Copper 

1.6861 

1.6861 

0.0000 

0 

Ho  change 

Aluminum 

1.4149 

1.4327 

♦0.0178 

0 

Slight  tarnish 

Iron 

3.1050 

3.1050 

0.0000 

0 

Bo  change 

Per f  luoro (1,3 -dimethyl - 
cyclohexane ) 

Copper 

1.6838 

1.6854 

+0.0016 

nil 

Sll^t  tarnish 

Aluminum 

1.3945 

1.404l 

+0.0096 

«1 

Slight  tarnish 

Iron 

2.8250 

2.8256 

+0.0006 

nil 

Slight  tarnish 

Per fluoro ( 1 , 4 -dimethyl - 
cyclohexane } 

Copper 

1.7371 

1.7371 

0.0000 

0 

Bo  change 

Aluminum 

1.3883 

1.4062 

+0.0179 

»1 

Sll^t  tarnish 

Iron 

3-1313 

3.1318 

+0.0005 

nil 

Bo  change 

Perfluoromethyl 

cyclohexeme 

Copper 

1.6209 

1.6209 

0.0000 

0 

Hb  change 

Aluminum 

1.4828 

1.5062 

+0.0234 

♦2 

Slight  tarnish 

Iron 

2.9908 

2.9908 

0.0000 

0 

No  change 

3S^ 
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Talile  UX.  (Cent limed) 


Weight  of  tfctal*  (g)  Chaqae  In  Wel^t 

origin^  filial*  8  ^  TT  Appeareace 


Perfluoronaphthalane 

Copper 

1.7350 

1.7350 

0.0000 

0 

Bo  ohaoge 

Aluminum 

1.4029 

0.0000 

-1.4029 

-100 

Bleok,  00m- 
pleteljr  oor- 
roded 

Iron 

Ferfluorolndane 

2.9379 

2.9379 

0.0000 

0 

Bo  change 

Copper 

1.6678 

1.6678 

0.0000 

0 

Bo  discolor¬ 
ation 

Aluminum 

1.4031 

1.4175 

40.0144 

41 

Black  coatiqg 

Iron 

3.8083 

3.1083 

0.0000 

0 

Bo  discolor¬ 
ation 

Methyl  hromlde 

Copper 

1.8437 

1.8698 

40.0261 

41 

Slight  dis¬ 
coloration 

Aluminum 

1.2145 

1.2145 

0.0000 

0 

Bo  discolor¬ 
ation 

Iron 

Trlfluoromethane 
( fluorofOrm) 

2.8084 

2.8130 

40.0046 

nil 

Sli«pit  dis¬ 
coloration 

Copper 

1.7830 

1.7830 

0.0000 

0 

Bo  discolor¬ 
ation 

Aluminum 

1.2572 

1.257t 

0.0000 

0 

Bo  discolor¬ 
ation 

Iron 

3.1043 

3.1043 

0.0000 

0 

Bo  discolor¬ 
ation 

BromotrlfluoromBthane 

Copper 

1.8290 

1.8398 

fO.0106 

41 

Slight  dis¬ 
coloration 

Aluminum 

1.2101 

1.2110 

40.0009 

nil 

Hb  discolor¬ 
ation 

Iron 

3.1116 

3.1170 

40.0054 

nil 

Slight  dis¬ 
coloration 

Chlorotrlfluorometbane 

Copper 

1.8625 

1.8625 

0.0000 

0 

Bb  discolor- 
atltm 

Aluminum 

1.1830 

1.1830 

0.0000 

0 

Bb  discolor¬ 
ation 

Iron 

2.9177 

2.9177 

0.0000 

0 

Bo  discolor¬ 
ation 
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Table  IZ.  CotrroslTe  lotion  at  200  T  (93  0)  for  30  Oajv 


VelAht  of  Nviala  I 

ippearanoe 

Tina] 

r 

_ 

f 

Carbon  Tetraohlorlde 

Copper 

1.8331 

1.7821 

-0.0510 

-3 

Black  coating 

AXmlaam 

1.2196 

0.6177 

-0.6021 

-49 

Black  coating 

Iron 

3.3224 

3.2718 

-0.0506 

-2 

Bed  coating 

Carbon  Tetrachloride 
(vlth  inhibitor) 

Copper 

1.8828 

1.5780 

-0.3048 

-16 

Black  coating 

Alunlninii 

1.1596 

0.0000 

-1.1596 

-100 

Coiq>letel/ 

corroded 

Iron 

3.3024 

2.7677 

-0.5347 

-14 

Bed  coating 

l-Brono -2 -ohlcroethaoe 

Copper 

1.7733 

1.7485 

-0.0248 

-1 

Black  coating 

Alumlnun 

1.2397 

0.0000 

-1.2397 

-100 

Coopletely 

corroded 

Iron 

3.2377 

3.2255 

-0.0122 

nil 

Black  coating 

2 -Brono -1 , 1 , 1 -tr  1  fliioro  - 

propane 

Copper 

1.8174 

1.8174 

0.0000 

0 

NO  diaoolor- 
ation 

Alimlnum 

1.3880 

1.3880 

0.0000 

0 

Ifc  diBcolor- 
ation 

Iron 

3.6006 

3.6006 

0.0000 

0 

No  discolor¬ 
ation 

1,2 -Dlbronotetraf luoro - 

e'oaane 

Copper 

1.8552 

1.8552 

0.0000 

0 

No  discolor¬ 
ation 

Aluolnum 

1.1781 

1.1781 

0.0000 

0 

No  discolor¬ 
ation 

Iron 

3.4582 

3.4582 

0.0000 

0 

No  discolor¬ 
ation 

o«l 


.re  eztlnguishliig  agents  vere 


HalocarbopyB  by  Armj  Cniemlcal  C< _ 

uaei  as  f^ollowa: 

Agent 


Foannala 


Bsilon  Ho. 


Carbon  Tatraehlorlde 

OOXl^ 

lo4 

Chlor  obr  omome  theme 

C^lBr 

ion 

Methyl  bromide 

CflvBr 

1001 

Ih'omot  r  i  fluorome  thane 

CF3Br 

1301 

D1  hr  omod 1 fluorome thane 

CFgBrg 

1202 

Dlbromotetraflseroethane 

CgP^^Brg 

2402 

DibromocMorotrifluoroethane 

CFoCUBrg 

2312 

Ethyl  bromide 

CgH^Br 

2001 

Perfluoromethylcyclohexane 

C6F11CF3 

(af(N) 

Carbon  tetra fluoride 

CF4 

l4 

CarlDon  dioxide  (CO2)  vaa  used,  for  purposes  of  conparlson.  The  ani¬ 
mals  used  were  male  Wlstar  strain  rats  weighing  "between  220  and  250  g. 


For  und-ecomposed  vapor,  glass  constant -flow  gassing  chambers  of 
20 -liter  capacity  were  used.  The  air  flow  throu^^  the  chambers  was 
held  constant  at  the  rate  of  2  liters  per  minute.  Concentrations  of 
the  compound  to  be  examined  were  set  up  by  introducing  measured 
quantities  of  vapor  into  the  affluent  air  at  a  constant  rate.  A 
number  of  exposure  runs  were  made  using  concentration  levels,  each 
50  percent  higher  than  the  previous  run.  (toe  rat  was  exposed  in  each 
run  for  15  minutes.  Survivors  were  observed  for  l^i-  days.  Dead  ani- 
snls  were  examined  for  pathology.  Tfc  t  je  for  anesthesia  during 
exposure  was  noted. 


For  pyi'ol  ized  vapor  the  procedure  was  the  same  as  that  for 
natural  vapor,  with  the  exception  that  prior  to  introduction  into 
the  gassing  chamber  the  vapors  were  passed  through  an  iron  pipe 
maintained  at  8OO  C  in  an  electric  furnace  and  then  cooled  to  room 
temperature .  The  rate  of  flow  through  the  heated  pipe  was  adjusted 
so  that  the  vapors  were  in  contact  with  the  hot  metal  for  one  secord. 

Tho  method  proposed  by  Deichmann^  was  used  as  a  basis  for  calcu¬ 
lation  of  results.  Deichmann  administered  to  single  animals  doses 


W,  "R.  DftIn.himaTm  and  T.  J.  T^Blanc,  "Determination  of  the  approxi¬ 
mate  Lethal  Dose  with  about  Six  Animals,"  J.  Ind.  Hyg.,  25  (19^3>) 

P. 
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graded  so  that  they  were  Increased  hy  50  percent.  The  dose  causing 
the  first  death  was  called  the  "apprarlnate  lethal  dose"  (AU)}. 
Since  this  method  had  not  previously  heen  used  for  Inhalation 
studies.  Its  validity  was  partially  verified  hy  an  experimental 
series  of  runs  with  methyl  hromlde,  using  10  rats  at  each  ooncen> 
tratlon  level,  the  results  being  osculated  by  the  method  of 
Vllcoxon  and  Utchfleld^.  In  the  calculation  of  the  "approximate 
lethal  conoentratlon"  (AlC),  all  deaths  occurring  from  the  time 
of  exposure  to  the  end  of  the  It^-day  observation  period  were  used. 


^  F.  Vilcoxon  and  J.  T.  Litchfield,  Jr.,  "A  Simplified  Method  for 
Evaluating  Dose -Effect  Experiments,"  J.  Pharm.  and  Exptl.  Ther., 
96,  2,  (June  191^9),  PP  99-113. 
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Appendix  D,  Exhibit  8 

EXHIBIT  8.  Engineering  Teat  Apparatus  and  Procedures.  The 
Bandolph  Laboratories'  2^-11)  CO2  unit  vas  used  for  applying  the 
a^nts  In  the  engineering  teats,  vhlle  the  fuel  used  vas  uxileaded 
Industrial  naphtha.  Basically  the  test  procedures  foUoved  Under¬ 
writers'  Laboratory  standards. 

a.  Class  B  Fires.  In  the  2-ft  diameter  tub  fires,  a 
2-ft  diameter  tub  of  sheet  steel  vas  filled  with  water  to  within 
10^  Inches  of  the  rim.  Two  quarts  of  gasoline  were  poured  on  the 
water  and  Ignited.  A  prebura  of  20  seconds  was  allowed  before  the 
fire  vas  attacKed  as  shown  In  Fig.  11. 

b.  Class  C  Fires.  Three  Class  C  fire  tests  were  used: 

(1)  Eight  pounds  of  cotton  waste  were  spread  over  an  area  measixr- 
Ing  2  by  4  feet,  wetted  evenly  with  2  quarts  of  gasoline,  and 
Ignited.  After  a  10-second  prebum,  the  fire  was  attacked  tram  one 
narrow  end  of  the  area,  toward  the  other.  (2)  The  second  test  vas 
conducted  In  the  same  manner  as  the  first  except  that  6  pounds  of 
waste  were  placed  in  an  area  2  by  3  feet,  and  1^  quarts  of  gasoline 
were  applied,  (3)  In  the  third  test,  4  pounds  of  cotton  were  used  in 
an  area  2  by  2  feet  £U3d  1  quart  of  gasoline  vas  applied  (see  Fig.  11). 
The  bulk  of  the  Class  C  fire  tests  were  conducted  with  the  first 
procedure  cited  above,  since  this  procedure  proved  most  suitable  for 
obtaining  data  on  the  more  effective  fire  extinguishing  agents,  and 
these  data  are  shown  In  Table  XXI. 
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inniiz  B.  iKliUit  9 

iSmi  *  11  11^  iTi  11  ^ 

«nn»-n«  9,  ISfeSSdy**^  '*V»^r  (B§I 


Tdlla  m.  Inklwfclaa  of  Irori  nA  Qrlfiov  Iffcotc  on 
tlw  lfr«otlT«iMM  of  JUtort  tfl  wmaothmii 
In  Olsn  1  2-tt  Tift  Biro  Ttots* 


Aocrn  '  '  ' '  drif  lefo ' "  '  "  ‘  'isproix.  V5 

DljOBMolgaa^  BiawoWr  (la»)  Itt*  (oo)  Jtrt.  (8ma 


1  13/16-ln.  dloB  "hj  ^'In.  lon^ 

«  »  M  ■  ■ 

0,0625 

0.(A^ 

9.6 

8.6 

2 

3 

■  H  N.  H  H 

O.OBSk 

5.6 

5 

1  I3^1^1xi«  AIob  1|^  2^1n.  lang 

0.0625 

o.oMis 

8.3 

5.3 

2 

2 

u  m  m.  n  m 

o.as^ 

3.3 

3 

3.I110I1.  nx.  dlaoi  flare 

0.0625 

11.3 

3 

N  H.  N  II 

0.0^ 

7.6 

3 

HUB  m. 

0.0281| 

7.3 

7 

maximum  dlam  flare 
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BDBgrr  lO.  Agparatus  aiid  Procadmres,  Loir  Taspgratnw  Fire 
in  AsiBL  tfold  In  oondnciing  fire  tests  at  t, 

it  was  neoessaiy  to  use  the  large  (1^^-  1»7  13-  tqr  3Q-ft)  Gold  Chanber 
of  the  IRSL  Qllnatlo  Test  Laharatca^^  sheire  an  sochanst  fan  of  3600 
afis  capacity  Is  arallahle.  In  order  to  contain  the  test  fires,  as 
veil  as  to  collect  and  ezhanat  the  caRibnstlan  prodxots  inudlatel7, 
a  special  test  oanpp7  aeasnrlng  8  hy  6  hj  6^  feet  (see  ?lg.  13}  vaa 
designed  hy  the  Fire  Apparatus  Section  and  constraoted  In  the  BtSL 
Shops.  Sy  the  use  of  this  derlce,  danger  to  personnel  vas  arolded, 
and  the  atmosphere  vas  kept  clear  aaorugh  so  that  the  test  fires 
could  he  ohserred. 

Bqnlpment  vas  set  up  In  the  t^t  canopy  and  In  the  control 
room  to  provide  seml-autcmatlc  and  ronote  control  of  the  testa. 

The  eculpment  In  the  canopy  la  shovn  In  Fig.  1^.  An  oscillating 
svlvel  am  (a)  vas  provided  to  direct  the  spray  from  the  test 
cylinder  (B)  over  the  entire  surface  of  the  23-ln.  square  burning 
pan  (C),  In  vhlch  a  spark  plug  (B)  and  methane  bleed  line  (B)  vere 
provided  to  Ignite  the  fuel.  A  photo-electric  cell  (F)  vas  provided 
to  record  the  incidence  of  fire  In  the  pan.  Since  the  cell  is  normal' 
ly  inoperative  at  -65  F,  it  vas  placed  in  an  insulated  box  vlth  a 
20-vatt  light  bulb  to  insure  proper  operation,  a  thermocouple  located 
In  the  Insulated  box  Indicated  that  a  temperature  of  30  F  vas  main¬ 
tained  throughout  the  tests.  The  Inqiulse  from  the  photo-electric 
cell  operated  through  a  time  delay  relay  to  activate  a  motion 
plctxtre  camera  covering  the  field  indicated  in  Fig.  l4.  The  time 
delay  relay  also  activated  the  solenoid  (g)  and  the  oscillating 
motor  (H),  the  units  that  provided  for  the  release  of  the  extin¬ 
guishing  agent  and  the  sveep  of  the  extinguisher  over  the  burning 
pan.  The  rheostat  (j)  controlled  the  period  of  oscillation,  vhich 
in  these  tests,  vas  held  at  5?  seconds  for  a  complete  cycle.  The 
Impulse  from  the  photo-electric  cell  resulting  from  the  extinguish¬ 
ment  of  the  fire  vaa  converted  by  the  relay  box  to  the  necessary 
circuit  changes  to  immediately  close  the  extinguisher  valve,  cease 
oscillation  of  the  bracket  arm,  and  stop  the  motion  picture  camera. 

An  electric  clock  vas  synchronized  vlth  the  relay  box  so  as  to  in¬ 
dicate  the  time  required  for  extinguishment. 

Thermocouples  located  inside  the  Cold  Chamber  indicated  the 
test  temperature. 

Randolph  Laboratories  2^ lb  and  C-O-Tvo  2- lb  CO2  extinguishers, 
charged  vlth  2  pounds  of  agent,  vere  used  for  the  testa.  An  al.uminum 
horn  vas  used  for  all  the  spray  application  testP  and  a  straight 
stream  commercial  nozzle  vas  used  vlth  the  same  cylinder  for  the 
straight  stream  application  teats. 
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Fig.  13.  Gaaopy  used  In  Cold  Chamber  tests  of  fire  extinguishing  agents.  (A)  OBolUatlzig 
horn;  (B)  turning  pan;  (C)  spark  plug;  (Z>)  housing  for  operating  aeohanlsB;  (1) 
exhaust  vent;  (F)  auxiliary  ohservatlon  window  (side  of  canopy  was  opan^  as  ahow 
here,  during  tests). 
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The  test  procedure  vas  ae  foUova: 

Saoh  charged,  eztlngalehar  was  weighed,  hefore  and.  after 
teet^  and  the  weights  ware  recorded.. 

Prior  to  each  fire  8  oz  of  fuel  was  placed  In  the 
hnming  pan. 

Daring  the  first  tests  the  fire  was  started  hy  actlratlng 
the  spark  plugj  howeyer,  the  plug  hecaas  so  hadly  foaled  that  suh* 
sequently  the  fire  had  to  he  lighted  Manually. 

The  tine  Interral  between  Ignition  of  the  fire,  and  actl* 
Tation  of  the  extinguisher  hy  the  tlae  delay  relay  was  Measured  hy 
a  laanually  operated  stop  watch,  and  was  recorded. 

The  tlMs  required  for  extlnguishfflsnt  was  Indicated  auto¬ 
matically  on  an  electric  clock,  and  was  recorded  hy  the  operator, 
as  was  the  method  of  applying  the  agent  (stral£^t  stream  or  mlatj, 
and  the  numher  and  type  of  cylinder  used. 

Care  was  taken  to  Insure  that  no  agent  remained  In  the 
humlng  pan  hefore  undertaking  a  auhsequent  test. 
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Fig.  l4.  Interior  and  controle  of  canopy  used  in  Cold  Chamber 
teste .  (See  text  for  explanation  of  letters . ) 
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Appendix  1,  tehll>lt  1 

APHBPlII  E 

Congarleop  of  Hg  Bata  vlth  That  ftrca  Other  aomroes 

BCHEIT  1.  Bate  from  CItII  Aaronaatlcs  AathorlVr  Iperlimital 
Stetlon.  InAlanayolia.  Indiana.  The  T?Mlinleai  BereicjaMini  dei^io'e""* 
bi'  the  CiTll  AerWmtios  Aathorlte,  oondnots  a  program  for  testing 
the  effeotlTanass  of  Tarlons  ageoate  la  oonhating  aircraft  cylinder 
fires.  Jor  this  particular  study,  a  henoh  assembly  uaa  set  iq>  that 
consisted  of  a  single  cylinder  of  a  radial  aircraft  engine  (conQilete 
vith  baffles  and  plugs)  monated  in  sen  air  duct,  and  extinguishing 
nozzle  and  a  source  of  fire.  In  operation,  a  mixture  of  edr,  fuel, 
and  lubricating  oil  vas  passed  through  the  air  duct  and  around  the 
cylinder,  and  vas  ignited  by  applying  a  torch  to  the  exhaust  duct 
of  the  system.  The  contours  of  the  duct  around  the  cylinder  vere 
such  that  the  flame  vas  maintained  on  the  leevard  side  of  the  cylin¬ 
der,  and  did  not  progress  to  the  fuel  mixing  ohonbar.  Twenty  seconds 
prebnm  vere  allowed  before  application  of  the  agent.  The  agent  vas 
applied  as  follows: 

a.  A  predetezmined  vei^t  of  agent  vas  fed  to  a  pressure 
cylinder  at  atmospheric,  or  elerated  pressure,  depending  on  the 
Tspor  pressure  of  the  agent. 

b.  The  cylinder  vas  then  pressurized  by  nitrogen  to  a 
predetermined  XQ^esstcre  (^00  psl  in  most  oases  reported  here). 

0.  A  quloh  opening  ralre  vas  actuated  to  allow  the  agent 
to  be  forced  from  the  nozzle  into  the  flame  area,  the  nozzle  being 
located  to  proylde  optimum  mixing  of  the  agent  with  the  fuel  air 
mixture  InvolTed. 

The  effectlyeness  of  an  agent  was  determined  by  yarylng  the 
amount  of  agent  placed  in  the  pressure  chamber  in  a  series  of  trials, 
and  noting  whether  or  not  a  glyen  amount  of  agent  extinguished  a 
fire.  The  marl  mum  amount  which  repeatedly  extinguished  a  fire  vas 
recorded  as  the  measure  of  the  efficiency  of  the  agent.  Check  runs 
were  made  with  methyl  bromide  each  time  a  compound  was  Inyestlgated. 
The  data  from  these  tests  are  presented  in  Table  XXII,  together 
with  the  weight  of  agent  required  and  a  calculation  of  its  effi¬ 
ciency  in  terms  of  methyl  bremide.  The  determinations  were  made 
using  20  seconds  prebum,  a  large  double  slot  nozzle,  and  a 
pressure  of  500  psi.  The  date  are  reproducible  to  0.01  pound  of 
the  agent. 
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Table  XXII.  Sesults  of  CAA  Bench  Tests  of  lire  Extinguishing  Agents 


A^ent 

Ealon  No. 

Amoxint 

Used 

(lb) 

Weight 

effectiveness®’ 

Methyl  bromide 

1001 

0.10 

100 

Chlorobromome  thane 

1011 

0.13 

77 

Methyl  iodide 

10001 

0.15 

67 

Carbon  tetrachloride 

104 

0.24 

42 

Dachlaurin^ 

•  «  • 

0.27 

37 

Carbon  dioxide® 

•  •  • 

0.60 

17 

1,2  nil br omote traf luoro - 
ethane 

2402 

0.11 

91 

Tetrabromoethane 

2004 

0.21 

48 

Br  omodi  chlorome  thane 

1021 

0.12 

83 

Trlbromomethane 

1003 

0.08 

125 

Bromotri chlorome thane 

1031 

0.13 

77 

Dlbromochlorome thane 

1012 

0.10 

100 

Ethyl  bromide 

2001 

0.16 

63 

1,2 -dibromoe thane 

2002 

0.14 

72 

Blbromomethane 

1002 

0.11 

91 

1,2-dlbromD  3-<5hloro- 
propane 

3012A 

0.23 

^3 

(a)  Methyl  hromlde  •  lOOjt. 

(h)  An  agent  Incorporating  carbon  dioxide  and  chlorobromome thane . 
(c)  Application  pressure  800  i»l. 

The  CAA  report  noted  that  this  table  gives  a  comparison  of 
agents  under  one  arbitrary  condition  only,  and  pointed  out  that  it 
is  possible  that  some  agents  may  be  more  effective  vhen  discharged 
through  a  different  size  or  type  of  nozzle  and/or  at  a  different 
pressure.  They  reported  that  in  preliminary  investigations,  at 
pressures  from  100  psi  to  600  psl,  and  using  large,  medium,  and 
small  nozzles  of  the  same  design,  the  results  Indicated  that  methyl 
bromide  vas  most  effective  when  used  with  the  medium  sized  nozzle  at 
200  psi,  requiring  .09  pounds  of  agent  to  extinguish  the  fire. 

The  curve  in  Fig.  ^  compares  the  weight  efficiencies  estimated 
from  the  ERF  data  with  those  calculated  from  the  CAA  data.  It  is 
seen  that  carbon  dioxide  does  not  produce  a  point  near  the  apparent 
function,  probably  a  result  of  difficulty  in  testing  carbon  dioxide 
in  the  bench  test  because  of  its  high  vapor  pressure  (approximately 
800  psi).  The  smaller  deviations  from  a  linear  relationship  pro¬ 
bably  result  from; 

(l)  The  application  rate  characteristics  of  individual 


Sis' 
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oonqpoundB  in  the  bench  test  (see  Table 

(2)  A  difference  betveen  the  flanuible  material  concen* 
tration  in  the  bench  test  and  the  flammable  concentration  In  the 
flame  Inhibition  test  (l.e.>  the  bench  test  majr  e]iq;>lo7  a  concen¬ 
tration  of  flammable  differing  from  that  at  peak  flaimaabllltj). 

(3)  The  possible  effect  of  molecular  vel^t  on  such 
properties  as  rate  of  diffusion  (this  la  not  considered  In  the 
weight  efficiency  estimates  based  on  FRF  data). 

(4)  A  pressure  In  the  fire  zone  of  the  bench  test  dif¬ 
fering  from  that  In  the  flame  Inhibition  tests. 


88 


4 


Appendix  B,  Eihltlt  2 

tpttttbiT  2.  ComparlBon  of  FRF  Data  with  Similar  Data  from  • 

MiTiTiAsota  Mining  and  Manttfactiirlng  Canpanj^  The  following  descrip¬ 
tion  of  the  te^  method  used  Is  taken  from  a  report  of  the  Hew  Pro¬ 
ducts  Division  of  the  Minnesota  Mining  and  Manufacturing  Company, 

Fluorocarhons  as  Fire  Extinguishing  Agents,  5  Hbvemher  19**-8.  The 
reporting  organization  emphasized  that  the  data  obtained  hy  this 
method  are  comi)aratlve  and  limited  to  this  i>artloular  test,  and  were 
taken  for  the  purpose  of  preliminary  or  "screening"  Investigation. 

The  report  stated  that  the  method  used  to  compare  the  efficien¬ 
cies  of  the  f.luorocarhons  with  other  types  of  fire  extinguishing 
agents  was  essentially  as  follows:  A  five-gallon  can,  lacquered 
on  the  Inside,  was  equipped  with  a  mixing  fan,  an  observation  win¬ 
dow  sealed  ajjd  clamped  to  the  top  of  the  can,  a  large  rubber  stopper 
Inserted  In  the  hole  at  the  top  of  the  can,  euad  a  gas  Inlet  tube  at 
the  bottom  of  the  can.  The  desired  amourt  of  liquid  or  gas  was 
introduced  Into  the  can,  and  the  can  was  Immediately  closed.  The 
fan  was  started  euid  the  gases  were  mixed  for  five  minutes.  The 
liquid  samples  were  evaporated  quickly  by  applying  heat,  and  then 
the  system  was  cooled  to  room  temperature  before  beginning  the  . 

test.  After  the  five-minute  period,  the  fan  was  stopped.  Cotton 
(0.5  g)  in  a  wire  basket  (copper  or  nlchrome)  was  wet  with  10  drops 
of  heptane  and  ignited,  and  the  flaming  cotton  was  thrust  into  the  , 

can.  After  the  flame  was  extinguished,  the  cotton  was  removed,  and 
air  was  blown  through  the  system  for  ten  minutes  before  another 
test  was  begun. 

The  experimental  results  from  the  above  report  are  summarized 
in  Table  XXIII,  in  which  the  comparative  effectiveness  has  been  cal¬ 
culated  for  the  agents  which  were  also  evaluated  at  Purdue.  Since  a 
direct  basis  of  comparison  did  not  exist  (methyl  bromide  was  not 
tested  by  MM&M),  carbon  dioxide  was  used  as  the  key  compound,  its 
percent  effectiveness  (Tl^t)  being  assumed  to  be  the  same  In  this 
test  as  it  was  in  the  other.  Compeorison  of  these  data  with  equi¬ 
valent  data  from  the  PRF  is  shown  In  Fig.  l6. 


Table  zmi.  Sxcmarj  of  Results  of  Tire  Tests 
by  JdQuesota  Mining  and  Manuflaoturlng  Cosqpany 


Agent 

Halon 

lo. 

Boiling 
Point 
(Deg.  C) 

Approxinate 

Aoount  to 
Extinguish 

Plane  Instan¬ 
taneously 
m  by  Wt.  In  Air) 

Effective¬ 

ness 

Carbon  tetrafluorlde 

Ik 

-129 

28-33 

47 

Eexafluoroe thane 

26 

-  78 

28-31 

Octafluoropropane 

38 

-  38 

29 

Octade  caf luoro - 
dibutylether 

- 

99 

35-40 

Chlorobrononethane 

ion 

69 

15 

95 

Carbon  tetrachloride 

104 

77 

25 

57 

Carbon  dioxide 

- 

- 

20 

71^ 

Dlchloromethane 

102 

4o 

.  25-30 

Methyl  iodide 

10001 

42 

15 

95 

(a)  Methyl  brcmlde  a  lOOjt 


(b)  See  text  in  previous  paragraph. 
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Kiiiaiy  3 .  Pate  fcon  Itogllah  Souroea .  In  an  Intelllganoe  r9~‘ 
poort,  the  Air  f oorae  AtWoW  in  reposed  data  darBloped  ty 

the  Pyrene  Co.,  Ltd.  (l/»don).l  Borgoyne  and  Blchardson,  of  the 
laperlal  Collage  of  Science  &  Technology,  London,  hare  reported 
the  results  of  slnilar  tests. ^  Table  ZZlv  shews  the  concentrations 
of  agents  (in  grans  per  liter  of  air)  found  hy  the  Pyrene  Co.  to 
he  necessary  to  extinguish  n^eptane  fires  at  nomal  temperatures 
and  pressures.  It  also  shoHS  the  cancentratlons  of  agents  In  air, 
expressed  as  Tolune  percent,  found  hy  Borgoyne  and  Blchardson  to 
he  necessary  to  extinguish  n^hexane  liquid  fires  Instantaneously. 
Por  each  of  these,  the  percent  effectlyeness  vas  calculated  In  the 
manner  prevloualy  reported  In  Appendix  S,  Xxhlhlts  2  and  3. 


Table  XJLLV.  Besults  of  fire  Tests  hy  SagUsh  Inyestlgators 

Pyrene  fcb.  ,  Ltd  Burgoyne  Richard  on 
Halon  Cmc.  Sficilye- 


Agent 


ness 

(i  by  Wt)^(i  hy  Vol) 


Carbon  dioxide 

(a)  Methyl  breanide  set  at  1C 


ness 

by  Vt)^ 


Methyl  bromide 

1CX)1 

0.09 

100 

5.5 

100 

Methyl  Iodide 

10001 

0.28 

68 

- 

- 

Carbon  tetrachlexride  10l»^ 

0.33 

58 

7.2 

kj 

53.5 


Air  Force  Intelligence  Beport  817-^8,  "Aircraft  Fire  Protection," 
3  May  194-8,  p.  3. 

J.  H.  Burgoyne  and  J.  F.  Blchardson,  "Extinguishing  Burning 
Liquids",  Fuel  28^  7  (19^9)  p.  155. 
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THRl^s  Commanding  General 

The  Engineer  Center  and  Fort  Belvoir 
Port  Belvoir,  Virginia 


TOt  Chief  of  Engineers 

Department  of  the  Army 
Washington  25,  D*  C* 

ATTElTIONt  Chief,  Engineer  Reaearoh  and  Development  Division 


1.  Transmitted  herewith  is  Report  1177,  "Interim  Report,  Vaporising 
Fire  Extinguishing  Agent,"  dated  18  August  1950,  which  was  prepared  by 
the  Technical  Staff  of  the  Engineer  Research  and  Development  Laboratories. 
This  Interim  report  covers  laboratory  tests  and  research  to  develop  a 
superior  fire  extinguishing  agent,  of  low  toxicity,  suitable  for  use  by 
troops  in  hand-portable  containers  under  all  climatic  condltlanB. 

2.  The  report  concludes  thats 

a.  Of  all  the  agents  tested,  bromotrifluoromethane  best  suits 
the  actiial  military  requirements  for  a  fire  extinguishing  agent,  and  is 
superior  to  methyl  bromide  and  carbon  tetrachloride. 

b.  As  a  military  fire  fighting  agent,  dlbrcmodlfluoromethane 
is  equivalent  to  bromotrifluoromethane  in  all  respects  except  that  of 
toxicity. 

3.  The  report  recommends  that  service  tests  be  conducted  on  bromo¬ 
trifluoromethane  as  a  fire  extinguishing  agent  for  Class  B  and  C  fires. 
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